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American Aeronautics 


In scientific and engineering progress in aviation, 
more particularly in heavier-than-air machines, the 
United States now leads the world. In the develop- 















































ment of commercial aviation by private initiative, 
5 | however, the United States is lagging far behind 
ej other countries. It suffers on one hand frofn the 
3 representations of enthusiastic promoters whose 
yl claims arouse suspicion; on the other hand from a | 
| general indifference due to ignorance of what has | | 
4 been actually accomplished, of the development, re- 
| liability, safety, etc. of commercial aviation in 
Europe and of the services which aircraft can render k 
: to modern business. | v3 
f | ; _ (Extract from the report by a special committee of the American Engineering Al jl r. 
; Council. As the result of the report the American Engineering Council is now | i i aI f 
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' ? 


; ® OU MAY NOT always find in the Linde 

books and magazines the help you need in 
oxy-acetylene welding and cutting. At such 
times you may need a trained Service Operator 
to help locate the cause of trouble or to de- 
monstrate the proper methods. Service Oper- 
ators are a part of Linde Process Service. 





Machine Shops appreciate 
Linde Service 


A large machine shop asked that a Linde man 
make an inspection of their plant. The Service 
Operator who was sent found many opportuni- 
ties for reclamation work. He recommended a 
central welding shop and assisted in setting it up. 
Right in the middle of this work a breakdown 
on plant equipment occurred, and by working all 
night with their own welders the plant wasready 
for operation again by 4 o’clock in the morning. 
A few days later, on a Saturday, another break- 
down came, when the Service Operator was 
leaving. They got him off the train and with his 
guidance finished the repairs late in the after- 
noon. 


Linde Process Service is free to every Linde 
user for the asking. Talk with any Linde rep- 
resentative or District Office about it. 
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The Overhead-Cableway Method of Logging 
The First Logging Cableway—Evolution of the Mechanical Slackpuller—The Portable-Spar Skidder 
And Its Operation 


By SPENCER MILLER,' NEW YORK, N. Y. 


4 NHIS paper records the development of the overhead 

cableway method of logging during the last forty years. 

The cableway, a hoisting and conveying device, employs a 
single-span cable as a trackway, and when adapted for logging is 
called an overhead skidder, “skidding” in logging operations mean- 
ing hauling. Most of the large logging operations today involve 
the construction of railroads into the timber lands. The overhead- 
cableway skidder is an auxiliary transporting apparatus acting as 
a feeder to the railroads; it may reach out 3000 or even 5000 ft. 
from the track, depending upon ground conditions, and has proven 
to be the cheapest method for logging, especially out of swamps and 
in mountain tracts where railroad building is costly. 

The first cableway skidders were rigged to standing trees, using 
manila ropes for the operating lines. Today the latest develop- 
ment employs a portable power plant on a single platform carrying 
a 100-ft. raising and lowering spar to which the necessary pulley 
blocks and guys are permanently attached, and also carrying a 
loading crane. Wire rope is used throughout. These power plants 
weigh and cost twenty times as much as the first cableway skidder. 
This machine is called the “portable-steel-spar cableway skidder,” 
and is generally operated by steam power. Two recently con- 
structed cableway skidders, of the tree-rigged type, are operated by 
electric motors. 

To indicate the extent of the development during the last 40 
years the following comparisons are made. 

First Cableway Latest Type 
Skidder of Plant 


Power plant, weight, about 15,000 Ib. 300,000 Ib. 


Main cable 3/4 in. 13/4 in. 
Span 650 ft 5000 ft. 
Total amount of wire rope 3000 ft. 32,000 ft. 


Load carried 3 tons 25 tons 


Daily maximum output, about 20,000 ft. 250,000 ft. 


An overhead-cableway skidder reaching out 2000 ft. requires about 
six miles of wire rope. The main cable or trackway generally em- 
ployed in a cableway for logging has about one-half the strength of 
a corresponding main cable attached to fixed towers for carrying 
equal loads, but the cableway skidder in its entirety is inherently 
elastic, and the safety of the apparatus is chiefly traceable to its 
elasticity. When the main cable is carrying its maximum load it 
elongates elastically, the trees to which it is attached, the guys, 
and the stumps employed for anchorage all yield automatically in 
proportion to the load and thus prevent overstresses in the cable. 
The “choker” attaching the log to the hoisting rope (called “skidding 
line’) is the weakest link in the system and is the first to break, thus 
contributing to the safety of the whole cableway skidder. 

(;ood management is necessary for efficient operation with cable- 
way skidders, and to obtain the most economical operation much 
consideration must be given to the location of railroads and settings 
of the skidder. 

It is generally recognized that the overhead-cableway skidding 
method leaves the forest in a better condition for future forest 
growth than the conventional ground-hauling methods. 

The subject of electric logging is assigned to another writer. 
Two electric long-span, tree-rigged cableway skidders have been in 

‘Chief Engineer, Lidgerwood Mfg. Co. Life Member A.S.M.E. 

Presented at the Portland Regional Meeting of THe American Society 
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practical use many months, but aside from the employment of elec- 
tric motors in place of steam engines, the cableways are the same 
as described herein. 

The ever-increasing employment of the portable-steel-spar cable- 
way skidder, which is the most costly logging machine and one 
representing the highest engineering development in the logging 
art, speaks volumes for its efficiency. 

EarLY History 

The cableway is of modern origin, although an essential element, 
wire rope, was actually made before the Christian era. When 
the city of Pompeii, which was destroyed in the year 79 B.C., was 
uncovered, about fifteen feet of 3-strand bronze wire rope '/» in. 





Fic. 1 Tue First Lo@Ginc CABLEWAY 


in diameter was found. This rope is now in the museum at Naples, 
Italy. 

The wire-rope tramway, more than two and a half centuries old. 
the forerunner of the cableway, was designed by Adam Wypbe, a 
Dutch engineer, and erected in Dantzic, Germany, in 1644. 

The cableway as a hoisting and conveying device was first 
shown in print in a French patent granted to Pluchet, January 4, 
1851. 

An American, W. H. Brown, four years later patented an in- 
teresting form of cableway for the construction of bridge piers. In 
1860 Charles Schumann, of Pennsylvania, constructed a single- 
rope inclined cableway for short spans, many duplicates of which 
have been introduced in slate quarries. 

Several horizontal cableways similar to the modern type were 
constructed and operated in Grafton, IIl., in 1868-1869. Each of 
these comprised a main cable as a trackway, an endless rope to 
propel the load carriage, a hoisting rope, and fall-rope carriers to 
support the sag in the hoist rope when slack. 

In 1871, and possibly earlier, John Fyfe, of Aberdeenshire, 
Scotland, made a striking improvement in the cableway by leading 
the main cable over a sheave of large diameter in the tower and 
then dropping it vertically, a weight representing the maximum 
stress on the cable being attached to its end. This idea has been 
frequently employed in the United States. 

In 1880 Alexander E. Brown, of Cleveland, Ohio, constructed 





/ 
: 


528 MECHANICAL ENGINEERING 


several short-span cableways for discharging iron ore from vessels. 
One tower had an overhanging boom to reach over the ship. Both 
towers traveled on railroad tracks. 


Tue First LocGinc CABLEWAY 


In 1883 the first wire-rope logging device (Fig. 1) was developed 
by Horace Butters, a pine lumberman. He constructed an over- 
head logging cableway in Ludington, Mich. A special 7-in. by 
10-in. double cylinder Lidgerwood hoist with boiler and with three 
friction drums (weight 13,000 lb.) to operate this cableway was 
purchased. Mr. Butters rigged his cableway to standing trees 
instead of towers, and actually hoisted and hauled logs from the 
woods and loaded them on railroad cars. In spite of the antiquity 
of wire rope, it may surprise one to learn that his earlier logging 
cableways employed manila rope for the operating lines and guys, 
and for a short while even as a main cable. The zeal and determi- 
nation of this enterprising lumberman put this overhead-cableway 
skidder in practical operation, and while hardly a commercial 
success in pine logging, nevertheless it attracted the attention of 
cypress lumbermen in the swamps of North Carolina and 
Louisiana. 

The second phase in the development of the cableway method 
for logging occurred in the year 1892 in the South, where the 
problem of logging out of cypress swamps was in great need of 
solution. It was found necessary to redesign every element of the 
cableway skidder, such as engine, boiler, rigging, traveling car- 
riages, special pulley blocks, lacking a full knowledge of the logger’s 
problems. From that time and for a few years thereafter, the 
progress was one of evolution rather than creation. The first 
machines were too 
light to handle ecy- 
press logs; break- 
ages were frequent 
and delays costly. 
These machines 
were carefully 
studied by the 
author,whosought 
to improve them 
by taking account 
of failures and cor- 
rectingsubsequent 
machines. In 
spite of frequent 
breakdowns these 
early machines 
would in a few 
months earn for 
their owners as 
much as the ma- 
chines had cost. 

In all logging cableways an outhaul rope, operated by a friction 
drum, is necessary to haul the load carriage to the woods. The 
hoisting or skidding rope is operated by a second friction drum. 
The skidding rope leads through a pulley block on a head-spar tree, 
then through to another block on the carriage, and then to the 
log, to which it is attached. In the early logging cableways, after 
the log was hoisted to the carriage, the carriage and log were hauled 
in by the skidding rope, while simultaneously the outhaul rope was 
paid out through the drag of a brake on the outhaul friction drum. 
This was inefficient and was a souree of much delay. 

In 1900, the author, associated with J. H. Dickinson, of New 
York, invented an improved overhead skidder with much greater 
power and greater speed and which remedied these difficulties. 
The drag of the outhaul brake was eliminated. This new design 
contained many other features that made for efficiency and labor 
saving, and has been commercially known for years as the “inter- 
locking and slackpulling cableway skidder.”” This machine, origi- 
nally built for 800-ft. spans, was so revolutionary in character that 
it is worthy of description: it was the forerunner of the modern 
overhead logging cableway in general use and made by several 
manufacturers. 

Interlocking Drums. The interlocking feature was a simple 
combination of gearing with two friction drums and one friction 
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clutch. (Fig. 2.) When the skidding drum and outhaul drum 
were in friction engagement with appropriate gears, the outhaul 
drum would run in the opposite direction at the same speed at 
which the inhaul or skidding rope was wound in. When the log 
was delivered to the railroad, both drums were thrown out of 
friction and a third friction clutch on the crankshaft was thrown 
into engagement with a loose gear on the same shaft which, meshing 
with a rim gear on the outhaul drum, revolved it in the reverse 
direction at high speed. Thus it propelled the load carriage out 
into the timber at more than three times the speed of former 
machines. This new type displaced the original machines in many 
logging camps because it conserved power, increased speed, and 
eliminated the drag of any brake. 

Fall-rope carriers to support the slackened skidding line were 
found impracticable for logging cableways, and the branch-rope 





Fig. 3) PULLING SLACK BY Hanp 


device, patented first by the author in 1893 and again in another 
form by J. H. Dickinson in 1895, was adopted in 1900. 
EVOLUTION OF THE SLACKPULLER 

No single item of the cableway skidder is of greater importance 
than the slackpuller. Its cost is trifling, it saves many men, and 
it increases the output. No modern cableway skidder is complete 
without it, and its evolution is illustrated in the sketches grouped 
in Fig. 4. 

The first mechanical slackpuller was invented by the author in 
1891. It employed a small rope leading from a special friction 
drum on the engine to the head spar, thence to the tail spar about 
a sheave, and back again to a point where it was spliced into the 
hoisting or skidding line. The function of this device was to pull 
the skidding rope out from the engine and permit the hook and 
chokers on the free end of the skidding line to slack away and lower 
to the ground. It was first used on a stationary cableway, but 
gave trouble because the natural rotation of the ropes twisted them 
one about the other. 

Two years later J. H. Dickinson improved the slackpuller by 
moving the sheave wheel from the tail tree and attaching it to the 
carriage. The improved device was first used in logging operations. 
To prevent twisting, the skidding and slackpulling ropes were 
laid along the railroad track and given a strong pull which deadened 
or “set’’ them somewhat. 

In 1896 William Baptist, a practical logger, added a swivel in 
the skidding line, attaching the slackpulling line to this swivel. 
This was not very successful. 

Ten years later John H. Shay, of Louisiana, working in a lumber 
camp, devised what is commercially known today as the Shay 
swivel. His invention in fact comprised two swivels properly 
installed, in which the skidding line leads straight through a loose 
tubular fitting provided with a lug. Stops on the line prevent its 
moving toward the head spar. The slackpulling line is attached 
to the lug, a swivel being introduced in the smaller line as shown 
in Fig. 4. By this means both the skidding line and slackpulling 
line can twist and revolve quite harmlessly. 
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hig. 5 Overnkap-CaBLEWAY SKIDDER OF THE HiGH 


The slackpulling line is absolutely essential for long-span logging 
and saves the labor of several men to pull slack by hand, besides 
which the operation is much quicker. The saving effected by this 
simple invention, that is to say, the mechanical slackpuller, amounts 
to at least $50 a day on long-span cableways. 

Economic Gain. Sefore the adoption of the cableway skidder 
in eypress logging, choice cypress swamps, estimated to carry 
30,000 ft. to the acre, were bought at $1 per acre. Inferior cypress 
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Fic. 4 Evo.utrion oF THE MECHANICAL SLACKPULLER 


lands today command $100 per acre. Before the introduction of 
the cableway skidder, logs at the mill cost from $8 per thousand 
upward, common labor then obtaining $1.25 per day for 12 hours’ 
work, and the supply was so intermittent as to prevent the building 
of large and economical sawmills. After its adoption a regular 
supply of logs was available and at less than half this cost. 
LOGGING ON THE PaciFic Coast 

Lumbermen on the Pacifie Coast began to use steam power very 
early for the ground haulage of logs. Many clever machines were 
produced for this purpose. The first of these overhead-cableway 
skidders for the Pacific Coast was operated by the Kerry Mill Co. 
in 1904, 21 years ago. This machine, still in daily operation, is 
similar to those used in cypress logging. Later on cableway skid- 
ders for the Pacific Coast were made much heavier and with 


STEEL-SPAR Type OpreratinGc Over A 3800-FT. SPAN 


longer spans. In fact, at present overhead skidders handle logs 
2'/, times as heavy as the earlier machines. A “million feet a 
month” was a wonderful output in the early days. Today 
portable-spar cableway skidders have averaged three and a third 
million board feet per month for ten consecutive months, while 
outputs of four and a half million monthly have actually been at- 
tained by several operators. 

Pacific Coast logging cableways have not yet equaled the long- 
span cableways employed in the mountains of North Carolina, 
Tennessee, and West Virginia. These cableways, regularly de- 
signed for spans of 4000 ft., have been stretched out to spans of 
5000 ft. Such cableways, however, handle small logs. Generally 
speaking, spans exceeding 3000 ft. are not profitable to employ 
on the Pacific Coast. The daily output of a cableway skidder 
becomes less as the span is increased. 


LONG SPANS—SPARS OR TOWERS 


The development of overhead-cableway skidders on the Pacific 
Coast went hand in hand with the development of the long-span 
Appalachian Mountain cableways referred to. The most notable 
of these, used by the Suncrest Lumber Company in North Caro- 
lina, is shown in Fig. 6. The novel features, which have already 
been described, reside in the steel spar 82 ft. high and the main 
cable reel using only one main cable instead of two. It is clear 
that while the double-cable system was found ideal for cypress 
swamps and is still the popular form, it could not be thought of 
for spans of 4000 or 5000 ft. where the spans are variable. 

Several forms of steel spars to meet the various problems pre- 
sented have been constructed, namely, 

1 The plain pole 
2 The fixed 4-post tower mounted on a car, with no means 
of lowering same. 1908 
3 The portable spar pivoted to a tower located on a portable 
platform. 1911 
4 The steel spar pivoted at its base with the single main- 
cable system, first introduced in 1912. 

It is hardly necessary in a paper of this character to dwell at 
length on the various intermediate steps taken, and the author will 
therefore describe the latest developments in logging machines which 
represent the greatest progress from an engineering standpoint. 


THE PoRTABLE-STEEL-SPAR SKIDDER 


During 1924 several portable-spar skidders with spars 100 ft. 
high were constructed. (See Fig. 6.) The total weight of these 
skidders without wire rope is about 300,000 lb. The skidder 
power plant is mounted on a steel platform about 60 ft. long and 
14 ft. wide, which is supported by legs and blocking straddling the 
track, permitting the passage of empty cars underneath. When 
the track is a through line the power plant is set on asiding. The 
raising and lowering spar is supported by a universal trunnion 
mounted in a tower on the platform. The platform carries a 
vertical tubular boiler, a 5-drum cableway-skidder engine, a 4- 
drum utility engine for rigging purposes, and a third or guy-line 
engine for winding up the four main guys. The front end of the 
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skidder carries a swinging loading boom mounted on a turntable 
and capable of swinging through an are of 180 deg. On the turn- 
table is mounted a 3-friction-drum engine for loading; one of the 
drums lifts and lowers the logs, the other two swing the boom to 
the right or left. Twenty-five-ton logs may be hoisted and loaded 
on railroad cars with this boom loader. 

The rear end of the platform generally carries a water tank, as 
shown in Fig. 7, and in some instances an oil-fuel tank. The main 
cable reaches out usually 1200 to 2500 ft. radially from the spar 
as acenter. In some instances 3000-ft. spans have been employed. 
On the opposite side of the spar head are the backstays, arranged to 
form a “walking split anchorage.” It will be noted in Figs. 6 
and 7 that the inner end of the main cable, as well as the back- 
stays, are connected through blocks and falls to a swiveling band 
surrounding the head of the spar. The spar itself is sustained 
by guys operated by power drums. 

When the area within reach of the cable is cleared, the cable is 
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dropped and a duplicate cable on another radial line is tautened. 
The blocks and falls connecting the spar to the cable and back- 
stays are slackened off and the cable comes to the ground and is 
then detached. One block and fall is then shifted to pick up a 
duplicate cable that had been previously laid down during the 
operation of logging. This new cable is then tautened and the 
operation goes on with slight delay. The walking split anchorages 
have double guys, each of a strength equal to that of the main 
cable. The entire cable stress may come upon either guy, allow- 
ing the remaining guy to be carried forward and secured to a 
stump or tree. Frequently the cable stress is sustained equally 
between the two back guys. 

Importance of the Swiveling Trunnion. From the foregoing it is 
evident that the spar is subject to stresses of varying intensity, 
coming from different directions. The spar by virtue of the uni- 
versal trunnion adjusts itself in positions such that it subjects 
the supporting tower to downward thrusts only, all twisting stresses 
on tower and platform being practically eliminated. 

Referring to Fig. 9, four guying lines that hold the spar upright 
are carried from the guy-line engine through the center of the 
spar, bending outward over steel pulleys mounted at the head of 
the spar, and leading off in four different directions to their respec- 
tive anchorages. As it is scarcely possible to find four stumps suita- 
ble for anchoring these guys at equal distances from the spar head, 
each guy is and must be tautened by a drum independently operated. 
During the process of raising it is imperative that the spar shall 
be free to move in all directions, and this is made possible by the 
universal trunnion. 

Operating. A crew of 16 to 18 men is required for operating 
a portable-spar skidder. The skidder hauls the logs along the 
cable and delivers them near the track, where they are picked up 
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and loaded on cars by the swinging-boom loader. If no empty 
‘ars are on hand, the logs accumulate in a pile near the track. 
Good management provides empty cars with regularity. A train 
of empty cars is pushed by the locomotive under the platform, 
leaving the last car under the loading boom. The locomotive 
then leaves for other duty. The train of cars as loaded is pulled 
by a rope hauled by a “spotting drum” one car length at a time. 
When all cars are loaded, the train is hauled away by a locomotive, 
and another train of empties pushed under the skidder platform. 
A common complaint is “waiting for empties,’’ but because the 
swinging-boom loader can load much faster than the cableway can 
haul, there is no material loss of output unless the delay for empties 
becomes serious. 

Moving. When the area covered by the skidder has been com- 
pletely logged, a special moving car is pushed under the skidder 
platform, hydraulic jacks lift the platform until the blocking is 
removed, and then the platform is lowered to suitable supporting 
sockets on the car. The spar is then lowered to the position shown 
in Figs. 10 and 11. All blocks and rigging are left secured to 
the spar, its upper end resting on a second car in front of the moving 
car. In this position, because of its trunnion connection, the 
whole skidder can be transported around curves to its next 
setting. 

Raising the Spar. After the machine has been jacked up at its 
new setting, the spar is raised by power through a block and fall 
attached to the tail of the spar. The spar guys are manipulated at 
the same time to steady the head of the spar when raising. The 
four guys, when properly adjusted, securely hold the spar in an 
operable position, as each guy carries approximately the same 
stress. The main cable and backstays are then tautened, the 
operating lines rigged, and logging begins. About two hours is 
required for moving the lighter type, and six hours for the heavier 
machines. Logs are hauled in at a speed of 750 ft. per min. and 
the empty carriage hauled back into the woods at 2100 ft. per 
min. 

Wire-Rope Equipment for Portable-Spar Skidder. It requires 
about six miles of wire rope to equip any type of overhead-cableway 
skidder reaching out 2000 ft. Every cable, rope, and guy should be 
of high-grade material because portability is a prime requisite; 
hence the greatest strength for a given weight is essential for 
safety and economy in operation. 

Two main cables are required, each of which is 15/4 in. in dia- 
meter (6 X 19) with a wire center, having an ultimate strength of 
about 120 tons and weighing 5'/; lb. per ft. There is a difference 
of opinion respecting the construction of wire rope to give the 
greatest service. The longer one is associated with wire rope 
under service conditions, the more difficult it is to express an au- 
thoritative opinion. The majority of main cables in cableway 
skidders employ the 6 X 19 construction. 

The walking split anchor cables have the same strength and 
construction as the main cable. Other ropes, most of which have 
wire centers and are all of high-grade material, 6 X 19 construction, 
are as follows: 

Diameter 
in inches 


PR eae ne eee. SEN TOy- tee Ae 13 


eevee eesesese ° ee 8 
IN MING. 5a ood 3 soc a cerdscnecucrese 1'/s 
Skidding and receding lines. . tet mera. RP enie, Yew? 1'/s 
Transfer and heel-block lines..................... ; 3/4 
TN ono wale woes eweted ap aedel wares 1 
Loading line.... Se ee eee eae een 1 
Boom-swinging lines (hemp center)................ 3/4 
Noa. cas sina ho 0 bow athe ee les 3/4 
a ee rr ee 9/16 
I a te Seg Pe are en ee eee oe 1/9 
OT RE Ae Te ee, Sen 7/s and 1 
ig REE es Se eee arr a aet A y LAD AL ate 1 


Blocks and Rigging. For the skidding and receding ropes, 
1'/s in. in diameter, 30-in.-diameter pulley blocks with roller bear- 
ings are recommended for the head spar. The load carriage 
usually carries a Lidgerwood Auto-Lub 24-in. block. For the 
transfer lines, */,; in. in diameter, and the slackpulling line, 9/1. in. 
in diameter, 18-in.-diameter blocks are used; and for the straw 
line, ‘1/2 in. in diameter, Auto-Lub 12-in. blocks. All of the 
above blocks are secured to the head spar. 

The tail-tree blocks must be manhandled, and the weight of the 
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blocks should be kept low. It is therefore customary to use 18-in. 
to 22-in. roller-bearing blocks at the tail tree. In permanent 
cableways with fixed towers, sheaves of 40 in. diameter for */,in. 
rope are common. 

We have ample testimony that the life of wire rope will be 
greatly increased by a relatively slight increase in the diameter of 
the sheave. Daniel Adamson, in 1912, addressing the Institute 
of Mechanical Engineers of Great Britain, said: “Speaking 
generally, Mr. Biggart’s experiments show that increasing the 
diameter of the pulley by an amount equal to two circumferences 
of the rope, will double the life of the rope.’ This rule takes no 
account of abrasion of the rope caused by passing over gritty 
ground, 

Suppose we apply Biggart’s law to a 24-in. block carrying 1'/s-in. 
rope. The circumference of 1'/s-in. rope is 3'/2 in., which multi- 
plied by 2 equals 7 in., and 7 in. plus 24 in. equals 31 in. Thus, if 
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the sheaves were increased in diameter from 24 in. to 31 in., the 
life of the rope would thereby be doubled were there no abrasion 
if the rope elsewhere. Other experiments by Mr. Biggart showed 
that internal lubrication of wire ropes practically doubled their life. 

Bending of wire rope over small sheaves is more serious than 
generally known. Bulletin No. 229 of the Bureau of Standards, 
Washington, is a record of tests of wire rope when bent over sheaves, 
and seems to show that the ordinary 6 X 19 wire rope bent over 
a pulley of 10 diameters will break at a strain 21 per cent less than 
the same rope when tested without a bend. For ground hauling 
many of the blocks must be light because they have to be carried 
by men about the woods. It is common practice to bend 1'/:-in. 
' 19 wire rope around sheaves in blocks of only 12 in. diameter. 
lf a 1'/-in. rope suffers 21 per cent loss in strength about a sheave 
of 10 diameters, which would be 15 in., it certainly will suffer a 
reduction of 25 per cent in strength bending about a 12-in. sheave, 
only 8 diameters. 

Wire-rope makers have given earnest consideration to the needs 
of the logger, realizing the necessity in many instances for em- 
ploying blocks with sheaves of absurdly small diameters. They 
have produced new types of wire ropes that have shown marvelous 
results. But whatever their flexibility, strength, or ductility of 
Wires, the stresses are the same. 
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Cable Stresses. The main cable, 1°/, in. in diameter, with an 
ultimate strength of about 240,000 Ib., must at times support a 
load in its center of 40,000 lb. (20 tons), this being the average 
pulling power given to the skidding line by the skidding engine. 
The cable stress depends, of course, upon its sag or deflection. 

The following formula for main cable stresses has long been used 
and found reliable: 


: : WS? + 2PS 
Stress in main cable = ——————— - 


SD 
where W weight of cable per foot, pounds 
S = span of cable in feet 
P = total load at center, including weight of carriage, in 
pounds 
D = deflection at mid-span in feet, under load. 


In this example W = 5.33, S = 2000 ft., P = 40,000 lb., and 
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D = 100 ft. Assuming a cable stretched horizontally carrying a 
load of 20 tons at the center, we obtain the following stresses in the 
main cable, calculated according to the above formula and the values 
given for W, S, P, and D. 


With a deflection loaded of 5 per cent, or 100 ft., cable stress is 226,000 lb. 
With a deflection loaded of 6 per cent, or 120 ft., cable stress is 189,000 Ib. 
With a deflection loaded of 7 per cent, or 140 ft., cable stress is 162,000 lb. 
With a deflection loaded of 8 per cent, or 160 ft., cable stress is 142,000 Ib. 
With a deflection loaded of 9 per cent, or 180 ft., cable stress is 126,000 Ib. 
With a deflection loaded of 10 per cent, or 200 ft., cable stress is 113,000 lb. 


Elasticity of Cableway Skidder. The sag of the main cable un- 
loaded must never be less than 5 per cent, and experience has shown 
that the main cable, if in good condition, is safe if that rule is 
followed. The stress of a 2000-ft. span cable unloaded is about 
27,000 Ib. The safety of the main cable is traceable to the in- 
herent elasticity of the system as a whole. No tree can be guyed 
to prevent its yielding to overstresses. The main cable itself, 
the guys that support the spars, are elastic. Even the stumps 
employed for anchorages yield. All these elements yield auto- 
matically as the stress is applied. A 2000-ft. cable sagging 
200 ft. (10 per cent) under a heavy load is only 40 ft. longer than 
the same span of cable sagging 100 ft., or 5 per cent. A6 xX 19 
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cable should elongate 2 per cent within its elastic limit, and 2 
per cent of 2000 ft. is 40 ft. The unloaded cable with 100 ft. 
deflection with stress of 27,000 lb. may have stretched, say, 8 ft., 
and could therefore stretch 32 ft. more under a load approaching 
the elastic limit. The yield of the guys, the trees, and the stumps 
doubtless aggregates another 8 ft. This explains the safety of the 
main cable. The main cable rarely has clearance sufficient to 
sag 200 ft.; hence the log is not off the ground. When carrying 
logs over a deep ravine or valley the cable is likely to sag down 
nearly 180 ft., stressed to 126,000 lb. and yielding a factor of safety 
of 2. If the cable is stretched so tight that the sag with a 20-ton 
load is only 5 per cent, the cable is in danger of rupture. At all 
events a strain of 226,000 lb. might exist, which would exceed the 
elastic limit, and when so stressed the cable loses its elasticity and 
is likely to rupture at any moment. 

The skidding line, 1'/s in. in diameter with an ultimate strength 
of 110,000 lb., has an apparent factor of safety exceeding 2'/: 


when pulling 20 tons. But the skidding line bends over two 
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pulleys and its ultimate strength may thus be reduced, which would 
reduce the factor of safety. 

Another contributing element to safety of the main cable resides 
in the choker, 1 in. in diameter; and the choker, from the fact 
that it is a choker, must take a sharp bend around a hook whose 
curvature is usually much less than 10 diameters, and therefore 
its ultimate strength would be reduced by about one-third. The 
l-in. choker at the point of the bend has a factor of safety of much 
less than 2 and will break before the skidding line or main cable. 
In fact, these chokers rarely break unless the load comes on them 
suddenly, and this is doubtless due to the fact that the entire 
load is rarely carried free above the ground. 

Possible Improvements. Many of the facts given in the fore- 
going paragraphs form topics for discussion at the annual meetings 
of the loggers’ congresses. 

Failure of main cables are usually traceable to insufficient sag, 
and the difficulty of determining the amount of sag or deflection 
in logging operations has given rise to the suggestion of building a 
tension-governed cable reel to automatically pay out when over- 
stresses come upon the main cable and to wind in the cable after 
the stress has been relieved. The Merrill-Ring Logging Company 
have an automatic tension towing engine on their tug Wanderer 
which is employed in towing rafts of logs. This towing engine auto- 
matically pays out under overstresses and winds in when the hawser 
slackens, and was pointed out at one of the loggers’ conventions 
as having just the feature that would satisfy the demands for 
safety to the main cable which have been noted. This automatic 
tension towing engine has 13-in. by 13-in. cylinders and is rated 
at 20,000 lb. It uses a 1'/s-in. hawser. It is easy to be seen that 
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when an automatic cable-reel engine is produced for 1°/;-in. main 


cable, it must have a rating five times as great. This could be 
done. 

Management. Successful logging depends largely on manage- 
ment. The successful manager selects the best machine for the 
problem in hand. One fundamental advantage of the overhead 
cableway is that one end of every log is lifted and the logs hauled 
in clear of all obstructions. Because of this method the length 
of the haul may be three times that of any ground-haulage yarding 
system. What is known locally as the “high-lead yarder’” accom- 
plishes the same thing for short hauls. In the high-lead yarding 
method the main hauling line is led over a pulley block attached 
to the spar tree, frequently 200 ft. above the track. While the 
overhead skidder is doubtless the cheapest in a majority of in- 
stances of mountain logging, nevertheless heavy stands of timber 
within 600 ft. of the railroad can be hauled and loaded more rapidly 
with a yarder leading the hauling line 200 ft. above the track. 
But it is equally true that for hauls of 100 ft. from the track, a 
locomotive crane will be cheaper than the yarder. If the logs be 
piled along the track the cost with a crane will be the cheapest. 
This explains the presence in our largest operations of several 
types of logging equipment. 

For example, confidential reports for a year’s operation in an 
enterprise employing about a dozen logging machines of various 
types show labor costs (only) as follows: 


Locomotive cranes—dragging and loading near 

tracks $0.53 per M 
2.19 per M 
1.95 per M. 
L.S6 per M. 


Donkeys—ground hauling 
Two-speed high-lead yarders 
Portable-spar cableway skidder 


. The economy of the locomotive crane for short hauls, perhaps 
100 ft., is demonstrated. 

The high cost recorded for donkey logging is doubtless due to 
hauling at too great a distance. 

The moderate cost for the two-speed high-lead yarders is prob- 
ably due to the advantages arising from the two-speed feature 
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and also to good management in limiting the haul to within 600 
ft. and the selection of good stands of timber. 

The low labor cost of logging by the portable-spar skidder is 
natural. Were it not for the great economies effected through 
its use, no such wide sale of these most costly of all logging machines 
would have been made. 

The relative merit of various methods of logging is a frequent 
topic of discussion at annual logging congresses. One successful 
manager having personal contact with the different types, said: 
“T believe a skidder (overhead skidder) compared with donkey 
engines (ordinary surface hauling machines) and _ considering 
hauls beyond 1200 ft., will log anywhere from $1 to $2 a thousand 
cheaper.” 

A close student of logging costs said: ‘The cost of loading logs 
on cars by the skidder is 64 per cent of the cost incurred with donkey 
engines, which includes, in addition to actual labor, the cost of 
the cable, general expense and repairs, and a depreciation charge of 
10 per cent. There is also a saving in labor for the reason that 
practically no landings are required and little swamping is neces- 
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sary. The logs are not sniped [i.e., end of the log beveled off so 
that it will offer less resistance in hauling]. The fact that only 
one end of the log is dragged on the ground means that the logs 
go to the mill with far less grit in them, and that means a saving 
in the expense of sharpening saws.” 

To management again we must credit the savings that are 
indicated above, for, as we shall see later, the labor items in 
well-regulated logging operations represent 50 per cent of the total 


cost of logging. 
OPERATION OF LIDGERWOOD PORTABLE-SPAR SKIDDERS 


Not until some standardized method of cost accounting for 
logging operations is generally adopted will it be possible to make 
any complete comparisons in methods or machines. Engineers 
naturally desire to know how the cost of any operation is subdi- 
vided, and Table 1 has been prepared from confidential data 
supplied by a corporation employing several portable-spar skidders. 
Their logging camp is well managed, and ground conditions are 
favorable for low costs. 

TABLE 1 AVERAGE PERCENTAGES OF COST OF LOGGING WITH 


PORTABLE-SPAR SKIDDERS WHILE HANDLING AN AVERAGE OF 
11,000,000 FT. LOG SCALE PER SKIDDER 


Item Per cent 
l Skidding, ground labor 25.5 
2 Loading, ground labor 10.7 
3 Enginemen 6.3 
4 Foremen 4.4 
5 Watching 2.2 
6 Fuel 5.05 
7 Water 3.15 
Ss Moving 1.57 
9 Repairs and renewals to machinery 6.9 

10 Wire-rope renewals 3.15 

11 Oil and waste 0.47 

12 Tools and supplie 0.71 

13 Railroad and transportation (estimated 25.2 

14 Depreciation on logging machines 4.7 

rotal 100.00 


Labor Items. The first five items in Table 1 are for labor and 
total 49.1 per cent. Labor is necessarily an extremely variable 
item, greatly affected by ground conditions, morale, and manage- 
ment. This item of nearly 50 per cent is an invitation to invent 
new appliances to reduce the number of men employed. It is 
evident, however, that the cost of such appliances must not be 
excessive. With the overhead-cableway method of logging, a 
number of logs can be hauled in at each trip; neither stumps, 
rocks, nor fallen trees retard their journey, because every log is 
lifted above obstructions. On the return trip to the woods a 
number of chokers are taken out and distributed along the trail. 
These chokers are secured to the logs wherever they lie and are 
coupled up by a short piece of skidding line threaded through the 
hooks connecting each choker. When the skidding line is lowered 
to the ground it is quickly attached to the short piece of rope men- 
tioned. The skidding line when wound in draws the logs together 
and forms a load. By this means a single cableway skidder serves 
several squads of men and necessarily results in keeping the skidder 
continually busy hauling logs. Much study has been given to 
this problem of gathering logs, but doubtless there is room for im- 
provement. Another labor-saving feature of the overhead method 
as compared with the ground method resides in the fact that a 
l-in. choker, which is easy to handle, will carry the largest log, 
whereas a 1°/s-in. choker, much heavier to handle, would be re- 
quired for the same log in the ground-haul system. The 1'/s;-in. 
choker is generally regarded as the maximum practical size, but 
its great weight and stiffness make it difficult to handle in the 
woods. 

Item 6—Fuel, 5.05 Per Cent. This item shows the cost of wood 
fuel, and while it is small, it might be further reduced. The low 
cost recorded is the natural result of a well-designed boiler with the 
crown sheet unusually high, the furnace unusually large—which 
means that the fuel is consumed in the furnace. The tubes, 
2'/2 in. in diameter, do not soot up as quickly and are spaced 
properly to promote rapid water circulation. The only additional 
fuel-saving appliance in this example was the insulating material 
covering the boiler and pipes. Superheat was not employed, nor 
were feedwater heaters. Where oil has been substituted for wood 
marked savings have been shown, because wood fuel must be 
sawed, split, and handled by labor, and wages are high. Aside 
from this, men insist on sawing up good logs because they are 
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easier to split. Thus we find fuel cost to a considerable extent is 
a matter of management. 

In one camp the use of oil saved the wages of two men to saw 
and split wood, and an extra fireman to handle it. The good tim- 
ber was not wasted for fuel. The saving in this instance amounted 
to fully 35 per cent. It is easier to regulate and maintain a uni- 
form boiler pressure with oil than with wood. Further savings 
with oil fuel of perhaps 9 per cent should be effected if the brick 
arch, as employed in railroad locomotives, were introduced. An- 
other economy may be effected by control of the air supply, a 
matter more important than usually considered. The average 
lumberman seems to be satisfied if the fireman maintains full 
boiler pressure throughout the day, because he knows that constant 
power is essential in order to avoid delays to the entire crew; 
delays reduce output, and this immediately increases the cost per 
thousand. 

Comparison of Boilers. A comparison of fuel costs between 
two cableway skidders in which the difference between the ma- 
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chines resided chiefly in the design of the boiler, showed a fuel cost 
per thousand feet of 12 cents on one and on the other 33'/; per cent 
more, namely, 16 cents; all other conditions were approximately 
alike. 

Importance of Fuel Saving. <A practical operator finding his 
fuel costs as low as 5 per cent (only one-tenth of his labor costs) is 
very apt to turn a deaf ear to any one who may propose to add compli- 
cated mechanisms for fuel saving. His answer is likely to be that 
the instant he adds complications to his boiler to save fuel, he will 
have to pay higher wages to superior men to maintain such appli- 
ances in operating condition. One operator’s plea in favor of elec- 
tric logging was that it produced ‘“‘constant power,’’ and constant 
power is vital to maintain a low cost for logging. But many are 
unable to make the large investment required for electric logging 
for the sake of ‘‘constant power,” especially as “constant power” 
is easily obtained with steam boilers using oil fuel. The boiler 
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must be large enough, with a properly designed furnace and ample 
water circulation. Such boiler should be built for 50 lb. more 
pressure than demanded by the engines for adequate operation; 
then by introducing a pressure-reducing valve between the boiler 
and the throttle, a reservoir of steam pressure is provided. The 
engine operator then obtains a constant power, even though the 
pressure in the boiler varies from that required by the engine to a 
maximum of 50 lb. higher. The advent of electric logging will 
naturally stimulate an interest in more economical steam logging, 
and there are many economies that have been found practicable in 
locomotive service that may be adopted. This stimulating in- 
fluence must be credited to our electrical friends. This has actually 
occurred in the improvements in steam locomotives to keep pace 
with the economies in the electric locomotives. 

Locomotive Data. Julius Kruttschnitt, chairman of the Board 
of the Southern Pacific Railroad System, gives many valuable 
data on fuel-saving appliances which have been put into practical 
use on Southern Pacific locomotives. He credits them with the 
following net savings in fuel: 


Per cent 


Brick arch........... a ee ee eR | : 9 
Feedwater heating... ... Set, ake Ciera a Pe eee 6 
Superheat (to a moderate degree)... .. ae cA ark rasa ; 17.4 


Feedwater purifiers are praised by Mr. Kruttschnitt, and it is 
juite possible that the Filtrator, which is merely a container for 
linseed through which live steam passes in circulation back to the 
boiler and which prevents the formation of scale, may yet be found 
on boilers employed in logging operations. 

Water Cost. There is a wide range .of estimated water costs per 
thousand feet of logging scale. This cost has been studied for 
several operations. The maximum cost has been given in one 
instance at 80 cents per 1000 ft. The minimum recorded cost is 
one-third cent per 1000 ft. The average probably is in the neighbor- 
hood of 10 cents. 

Item 9—Repairs and Renewals to Machinery, 6.9 Per Cent. 
This is a relatively small item, although larger than that for fuel, 
and reflects great credit on the management in selecting a machine 
with sufficient reserve strength, with bearings of large dimensions, 
with shafts so large that they do not bend under the influence of a 
pull and bind in the bearing, destroying the babbitt, in maintaining 
a stock of spares that fit where they belong, and in care of the 
machinery, especially in the selection of proper lubrication mate- 
rials and maintaining thorough lubrication. 

Item 10—Wire-Rope Renewals, 3.15 Per Cent. This item will 
surprise a great many operators, because it is generally supposed 
that because the overhead cableway involves more wire rope than 
ground-logging methods—that the cost of renewals should be 
greater, not less. One student who has given a great amount of 
study to the ground-hauling methods found that wire-rope renewals 
cost 16 per cent. 

Item 11—Oil and Waste, 0.47 Per Cent. This perhaps is lower 
than it should be, and it is probable that in the future there will 
be a general recognition that both fuel and renewal costs may be 
greatly reduced through a slight increase in the cost of lubrication. 
There are many splendid examples of improved lubricating methods 
in our better grades of automobiles. 

Item 12—Tools and Supplies, 0.71 Per Cent. This item is rela- 
tively insignificant. 

Item 13—Railroad and Transportation, 25.2 Per Cent. (Esti- 
mated.) No fair comparison in the cost of logging as between the 
overhead cableway and the ground-hauling methods can be made 
unless the cost of both operations includes the cost of railroad and 
transportation. Much of the standing timber today in the great 
Northwest is in mountainous regions, where the cost of railroad 
building is extremely high. Whatever may be the cost of railroad 
building with the ground-logging methods, it.is inevitable that the 
cost with the cableway method, hauling at double the distance, 
will be reduced at least 50 per cent. High-lead ground-hauling 
methods are usually limited for economical operation to 800 ft. and 
the cableway method to perhaps 2000 ft. It is a fact, however, 
that surface logging is carried on at 1300 ft., and cableway logging 
up to 3000 ft. The cheapest logging by cableway, however, 
generally speaking, resides at a point nearer 2400 ft. than 3000 ft. 
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Where 3000-ft. cableways are used, the ground conditions are so 
extremely unfavorable that even though the cost may seem high, it 
is doubtless cheaper than by any other method. 

The Diesel Engine. The Diesel engine yields the greatest amount 
of power per unit of fuel, especially in small units. It requires 
water for cooling only and much less than a steam boiler. An 
economical and practicable method of transmitting the power of 
Diesel engines to the drums of a logging engine is yet to be de- 
termined, but if experience on shipboard is any criterion, we may 
soon witness portable Diesel-electric generating plants delivering 
current to d.c. electric motors driving the drums through gearing. 
If the story of the development of the locomotive is any criterion, 
and it should be, it is confidently predicted that for many years 
to come the steam engine will be the favored motor. In fact, the 
advent of the Diesel engine and electric motor will necessarily 
stimulate the adoption of fuel-saving appliances for the steam 
engine that promise to reduce the fuel cost materially. 

Samuel Vauclain, president of the Baldwin Locomotive Co., 
recently stated that his company was building a Diesel-propelled 
locomotive which he recommended for long hauls where water was 
searce, but he added that its cost would be more than twice that 
of a steam locomotive of equal power. 

Diesel engines of today are extremely heavy and may weigh 
more than an equivalent steam engine with its boiler filled with 
water. Gasoline engincs have the advantage in weight and may 
weigh less than one-tenth of an equivalent Diesel engine. 

PULPWooD AND Forest CONSERVATION 

It has been said that the loggers of Washington and Oregon 
leave enough waste wood on the ground to supply ten paper mills 
with pulpwood. To recover this waste wood and transport it to 
the paper mills at a cost which will command the market is a real 
problem. 

The Crown Willamette Paper Co., near Astoria, Ore., has found 
the portable-spar cableway skidder an efficient apparatus to reach 
out from existing logging railroads, pick up this waste, and load 
it on railroad cars for shipment. One of these skidders, with a 
crew of 17 men, is salvaging about 500,000 ft. per month, and is in 
a fair way of solving the problem of cost. The man of vision, 
with thoughts for the future, clearly sees that such a practice of 
relogging must reduce the fire hazard, must promote regrowth, and 
incidentally save other partly grown forests from being cut down 
to satisfy the demand for newsprint. 

It is difficult to imagine where the chambers of commerce of 
Oregon and Washington could find a more worthy cause to foster 
than this one of salvaging pulpwood, not only for the profit and 
happiness of future generations through this conservation of forests, 
but because the present generation residing in Washington and 
Oregon will profit through the establishment of more paper mills 
within their borders. Paper-mill machinery would then naturally 
be made on the Pacific Coast, thus adding further industries. 


How the Automobile Helps the Railroads 


EFERENCE has frequently been made to the fact that the 

' business created for the railroads by the automotive industry 
offsets that taken away by automobiles and buses. In 1924, 726, 
000 carloads of finished automobiles and parts were shipped by rai! 
In addition there were 50,000 carloads-of tires and 640,000 tank 
carloads of gasoline for automobile use. The coal, steel and other 
raw materials used in the manufacture of automobiles also adde«! 
a great many tens of thousands of carloads for which separate 
figures are not available. Inasmuch as the automobile is wholly 
responsible for the activity in high-grade road building, the 550,000 
carloads of cement, much of which went into roads and highway 
bridges should also be considered as a direct result of the auto- 
mobile industry. The National Automobile Chamber of Commerce 
estimates that if complete data were available, approximately 
2,000,000 carload shipments should be credited to the automobile 
industry. An appreciation of what these figures mean can best 
be had from a comparison with other commodities. In 1923 the 
wheat crop, which has always been considered a barometer of rail- 
road prosperity, required 572,000 carloads, and the corn crop), 
400,000 carloads. (Machinery, May, 1925, p. 714.) 




















Specific Heat-Specific Gravity-Temperature Re- 
lations of Petroleum Olls 


A Comprehensive Study of Available Data, Showing the Influence of the Specific Gravity upon the 
Value of the Specific Heat at Different Temperatures—Charts for the Use of Petroleum 
Engineers in Designing Equipment 


By WILLIAM RANKINE ECKART,! STANFORD UNIVERSITY, CAL. 


DVANCEMENT in the design of apparatus for the petroleum 
industry has been greatly handicapped due to the lack of 
full and reliable data on the physical properties of the 

fluids dealt with, together with their variation under the different 
conditions of pressure and temperature at which they must be 
handled. 

Until such data become available the designing engineer will 
be forced to rely upon such meager information as he now possesses 
and to cautiously exercise his judgment in its application to the 
purpose at hand. 

When one considers the complex nature of petroleum, the 
great variation in its composition from different fields, and the 
many products which are derived from the crude from any par- 
ticular source, he is not surprised at the meagerness of the in- 
formation, but is forced to realize the magnitude of the task of 
obtaining sufficient or accurate data which might be applicable to 
the problems with which he is confronted. 

In addition the difficulty and time required for making the 
different determinations are a serious handicap. Most of them re- 
quire apparatus and methods of extreme precision and should only 
be attempted by trained observers, skilled in the handling of the ap- 
paratus and with full knowledge of its limitations and possible errors. 

Within recent years the necessity for these data has forced many 
a worker in the petroleum industry to gather together the available 
material from all possible sources, to supplement it, whenever 
possible, with additional data obtained experimentally, and to study, 
analyze, and coérdinate the results so as to make them serve his 
purpose. Much of this material has been published and made more 
accessible, so that at present it is in much better form for use. 

It is the purpose of this paper to deal primarily with one physical 
property of petroleum oils, namely, the specific heat, which so far 
has not been treated as fully or with as satisfactory results as have 
some of the others; and to show the influence of the specific gravity 
upon the value of the specific heat at different temperatures. 

The value of the specific heat commonly used in practice for liquid 
hydrocarbons is 0.50. As values as low as 0.40 and as high as 0.60 
have been determined, an error may be involved within these limits 
as great as +20 percent. Any relationship, empirical or otherwise, 
which may be established so as to make it possible to confine this 
error Within narrower limits should be of estimable value. 


Scope oF Dara Usep 


The material used for the preparation of the charts presented in 
this paper has been gathered from all available sources. It is of a 
truly representative character and is not limited in any sense to the 
work of any single investigator, to any particular method, or to 
samples from any one field. 

Altogether it represents 142 determinations made by eight differ- 
ent authorities and covers the following fields: Pennsylvania, 
Oklahoma, Texas, Louisiana, Wyoming, California, Mexico, 
Japan, Russia, Roumania, Burma, and others unknown. (See 
Table 1.) It covers pure hydrocarbons of the paraffin series; 
C,,Hon+2, the methylene series, C,H2,.; crude oils and com- 
mercial petroleum distillates. The specific gravities of the oils 
range from 0.963 to 0.664 at 60 deg. fahr., and the temperatures 
of the determinations of specific heat from 52 deg. fahr. to 190 
deg. fahr. 


' Professor of Mechanical Engineering, Stanford University, Mem. A.S.M.E. 

Contributed by the Petroleum Division and presented at a meeting of the 
Los Angeles Local Section of THe AMERICAN SocrETY OF MECHANICAL 
I.\GINEERS, Los Angeles, Cal., December 22, 1924, and at a meeting of the 
Mid-Continent Local Section, Tulsa, Okla., April 24, 1925. 


Likewise, due to the fact that these investigators used widely 
different methods, temperature ranges, ete. the data are subject 
to discrepancies due to instrumental, personal, and other errors. 
Owing to the impossibility of accurately judging these matters, 
all points have been included and give equal weight, making the 
results impartial from that standpoint. 


PRELIMINARY STUDIES 


The preliminary study upon which this paper is based was made 
in March, 1919, and was due to the impression gained of a consistent 
relationship between the specific heat and specific gravity for a 
number of crude oils, the data for which were determined by Mabery 
and Goldstein.* A reading of the original publication showed that 
this view was not wholly shared by the investigators, who stated: 

These values show that the specific heat of the crude oils is an important 
property from a practical point of view. It also appears that there is 
no close agreement between specific heat and specific gravity. Pennsylvanis 
oil stands at the head and Berea grit, with a much larger proportion of vol:- 
tile constituents, is next. Of the heavier oils, it appears in general that the 
specific heats are much lower, but with no definite relation. 

Referring to the data on specific heat, they further stated: 

In general, the data on specific heats of organic compounds are meagir 
and not concordant. For the same substance the results of different ob- 
servers seldom agree in the third decimal place; they often do not agree 
in the second, or even in the first place. (See tables of Landolt and 
Bornstein.) These variations are probably due to the fact that specific 
heat is materially affected by the impurities in the substance and the tem- 
peratures at which it is taken. Then, furthermore, from the details of the 
determinations of the hydrocarbons described in this paper, it was found 
that impurities depressed the specific heats very considerably. 

An examination of some of the original papers, from which the 
data published by Landolt and Bérnstein were taken, disclosed 
the fact that one of the reasons for some of the discordant results 
was that of apparent typographical errors in the original publica- 
tions, especially where the figures were wrong in the first and second 
decimal places. 

Mabery and Goldstein did find for the paraffin and also for the 
methylene series that: 

There is a uniform decrease in specific heat with molecular weight. 
Furthermore, the normal hydrocarbons, such as heptane, C7His [boiling 
point (b. p.) 98 deg. cent.], and decane, CioHe: (b. p. 172 deg. cent.) have 
higher specific heats than their isomers, such as isoheptane, C7Hie (b. p 
91 deg. cent.) and isodecane, CioH2: (b. p. 162 deg. cent.). 

In December, 1920, Bushong and Knight* published considerable 
additional data based upon their own experiments covering pe- 
troleum and its products from a number of fields and with deter- 
minations made upon the same product at a number of different 
temperatures. With these determinations of specific heats they 
also gave the density of the oil in each case, which data have un- 
fortunately not always been included by other authorities with 
their determinations of the specific heats. 

This led to a further study by the author of the present paper and 
to the production of a chart, in January, 1921, almost identical with 
Fig. 2, covering the range of the available experimental data. This 
chart has for four years been used in practice with satisfactory re- 
sults. 


PRESENT STUDIES 


In the studies covered by this paper the work previously done 

2 Mabery and Goldstein, On the Specific Heats and Heat of Vaporization 
of the Paraffin and Methylene Hydrocarbons. Am. Chem. Jl., vol. 28 
(1902), p. 66. 

3 Bushong and Knight, The Specific Heat of Petroleum at Different Tem- 
peratures. Jl. Indus. & Eng. Chem., vol. 12, no. 12 (Dee., 1920), p. 1197. 
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has been revised and the empirical relationship shown has been — gravities from 0.600 to 0.999. 
extrapolated to temperatures up to 800 deg. fahr. This has seemed 
desirable, in spite of the fact that this extension of the existing data 
to higher temperature ranges may prove to have been without justi- 
fication when experimental data are finally obtained for that region. 
The charts in the higher-temperature region should be used with 
discretion. 


Within this range of temperature the 
variation of the specific gravity with temperature is to all intents 
and purposes a straight-line function. 

Wilson and Bahlke* have shown that this linear relation does not 
extend to high temperatures and that, with the exception of the 
heavier oils, it is not safe to use it beyond 200 deg. fahr. In their 
paper they present a chart for the paraffin series of hydrocarbons 
which carries this relation up to the critical temperatures and den- 
sities, basing the extrapolation upon the theorem of corresponding 


No positive relationship is claimed herein between the specific 
heat and specific gravity of petroleum oils, nor is inaccuracy im- 
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The curve obtained by plotting the ratio of the specific volume of the liquid 
to the critical volume against the ratio of the temperature of the liquid to 
the critical temperature should be the same for all liquids. 


oil, etc. falls into its proper place in the tables by reason of its specific 
gravity. 
Although it is generally believed that California oils have a considerably 


higher rate of expansion than do oils of the central and eastern states, this They plotted the results for pentane, hexane, heptane, and octane, 
has not been found to be the case, and the slightly higher rate is not sufficient as obtained by Young, and note that 
to cause an appreciable error in the results carried only to the degree of ; : ‘ 
is accuracy here given. This does not give one line for all normal paraffin hydrocarbons, but that 
3 at any one reduced temperature (7/7) the ratio (Vi/V,) tends to decrease 
7 slightly with increasing molecular weight. From the values of the critical 
: The range of temperatures for the more extended tables, Circular yojume for the higher-molecular-weight compounds, and the measured 
No. 154, is from 0 deg. fahr. to 195 deg. fahr. and the specific densities of the liquid hydrocarbons at temperatures up to 200 deg. fahr., 
—— the solid lines for the higher hydrocarbons were drawn. 





Texas fuel oil 


‘Circular of the Bureau of Standards, No. 57, United States Standard eae 
Tables for Petroleum Oils. Superseded by Circular No. 154, National From these EVES they calculated the actual densities and 
Standard Petroleum Oil Tables, May 29, 1924. plotted them against fahrenheit temperatures. These curves 
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represent the variation of density with temperature up to 800 deg. 
fahr. for the paraffin series from pentane, C;H», to eicosane, CoH, 
or for a range of densities from 0.645 to 0.778. 

In order to make this chart of easier application in practice, it 
has been redrawn as part of the final chart in this paper, Fig. 3, 
in which the curves are for uniform increases of specific gravity from 
0.60 to 0.98. The values above 0.78 were obtained by making the 
assumption that as with the denser oils the linear relationship 
was being gradually extended to higher temperatures, it could be 
safely assumed that at a density of 0.98 this linear function had 
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400 deg. cent. (212 deg. fahr. and 752 deg. fahr.), found that the 
mean specific heat could be represented by 


Cm = 0.4825 + 0.000385 (¢ 100) 
and the true specific heat by 

dQ = — 

— = 0.4825 + 0.00077 (¢t 100) 

dT 


t being in centigrade degrees, or 
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Fie. 2. RELATION BETWEEN Speciric Gravity AND Spectric Heat at DIFFERENT B 8 


TEMPERATURES FOR PETROLEUM OILS 


been established up to 800 deg. fahr. Below 200 deg. fahr. these 
curves agree with the values of the Bureau of Standards tables. 
Wilson and Bahlke® call attention to the fact that 


In using these curves it should be remembered that the density given is 
the density when the liquid is under its own vapor pressure, so that at rela- 
tively high temperatures (or preferably at densities below 0.45) these curves 
are not accurate when the pressure is much in excess of the vapor pressure. 


VARIATION OF SpPEcIFIC HEAT WITH TEMPERATURE 


All investigations of the influence of temperature upon specific 
heat show an increase of the specific heat with temperature and that 
it is practically a straight-line function of the temperature.*.*.6.7.8,9 

Formulas presented by these authorities and based upon their 
work, while demonstrating the linear relationship, are not entirely 
consistent. The respective formulas deduced are as follows: 

Karawajeff,® for heavy distillates between 100 deg. cent., and 





§ Wilson and Bahlke, The Physical Properties of the Paraffin Hydrocar- 
.bons. Jl. Indus. & Eng. Chem., vol. 16, no. 2 (Feb., 1924), p. 115. 

6 Bailey and Edwards, The Determination of the Specific Heat of Heavy 
Mineral Oils. Jl. Indus. & Eng. Chem., vol. 12, no. 9 (Sept. 1, 1920). 

7 Karawajeff, Neftjanoje Djelo, 1913, no. 16, through Petroleum, 9, 550; 
Jl. Soc. Chem. Ind., 33, 128; Chem. Abs. 8, June-Oct., 1914, p. 3359; Bell, 
American Petroleum Refining, p. 50. 

8 Wilson and Barnard, Jl. Soc. Automotive Engrs., 10, 65 (1922). 

® Robert Schiff, Spezifische Warme homologer Reihen fliissiger Kohlen- 
stoffverbindungen. Ber., 19 (1866), Ref. 644. 


number of oils, from different fields, and their prod- 

ucts, and includes the data as to the density of the 
oils in each case. In commenting upon their results, they quote 
Schiff? as having shown 


that the effect of temperature upon specific heat is the same for or- 
ganic liquids of the same chemical nature, specific heat being a linear func- 
tion of temperature. Curves representing the specific heat of the different 
members of a given class are therefore parallel straight lines. 


Referring to their own data and curves they state: 


They show that the specific heat of the petroleum hydrocarbons, including 
paraffin, is proportional to, or a function of, the absolute temperature 
[This appears to be a special case in which specific heat and entropy are 
proportional, aC,/T Q/T, and perhaps equal.—W. R. E.] Abnormal 
deviations probably indicate changes in state of aggregation. 


Their curves indicated so strongly that the specific heats of various 
hydrocarbons, as well as many other organic compounds, were di- 
rectly proportional to their absolute temperatures, that it was 
considered by the present author as worth investigating further. 
To that end the available data relating to al) organic liquids were 
collected, in general from the original sources, and plotted. It is 


believed by the author that, considering all of the circumstances 
which are involved due to the determinations being made by differ- 
ent authorities and methods, there is sufficient evidence to warrant 
the assumption, for engineering purposes at least, that the specific 
heat of petroleum oils may be assumed to be not only a linear func- 
tion, but to vary directly with the absolute temperature. 
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hig. 3 RELATION BETWEEN SPEcIFIC GRAVITY, 


BETWEEN SPECIFIC HEAT AND SPECIFIC GRAVITY AT 
60 Dea. Fanr. 


RELATION 


Assuming the direct variation of specific heat of petroleum oils 
with the absolute temperature to be true, it is then possible to re- 
dluce all of the specific-heat data, at whatever temperature deter- 
mined, to a common standard temperature, which has been taken 
as 60 deg. fahr., the standard reference temperature for all pe- 
troleum data. 

Reducing likewise all specific-gravity determinations for the 
corresponding oils to the same temperature, the values of the specific 
heat were then plotted against the specific gravity, Fig. 1, and a 
mean curve drawn through the points. This curve represents the 
average relation between the specific heat and specific gravity of 
petroleum oils at 60 deg. fahr. 

As stated earlier in the paper, the 142 points plotted cover the 
available data from all authorities for oils and their products from 
widely different fields all over the world. For the purpose of show- 
ing the broadness of these data, the points have been designated so 
as to indicate the authorities, and the field and nature of each oil has 
been set down. It will be observed that the points form a well- 
defined strip of definite slope. In order that one may estimate 
and visualize the amount of deviation from the mean, lighter lines 
have been drawn indicating the percentage of deviation, either 


+ or —, and show that 
28.3 +1 } 
55.8 x= 2 
73.9 | or cent of the points fall within { “2 r cent of th 
84.0 per cent o 1e points fa ith +4 per ce 0 e mean 
91.3 +5 
99.3 +10 } 


and that 0.7 of 1 per cent of the points fall beyond the + 10 per cent 
limit. 
The formula for the average line gives 
C'so = 0.7125 — 0.3105 Sp. CGr.¢o. eevee 
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HEAT, AND TEMPERATURE FOR PETROLEUM OILS 


where (so = specific heat at 60 deg. fahr. and 
Sp. Gr.go = specific gravity at 60 deg. fahr. 


To determine the specific heat at any other temperature the 
formula becomes 
e 140 + f¢ ie oe ar 
Ci = 5) (0.7125 — 0.38105 Sp. Gr.¢o) euigcearak yale, rete [2] 
On 
where C; = specific heat at the temperature ¢ deg. fahr. 
RELATION BETWEEN Speciric HEAT AND SpecirFic GRAVITY AT 


TEMPERATURES WITHIN THE RANGE OF THE 
EXPERIMENTAL DaTAa 


From Equation |2] a chart has been prepared, Fig. 2, for the range 
of temperatures covered by the experimental data. Upon this 
chart have been plotted the data of Bushong and Knight’s experi- 
ments, which covered the widest range of temperatures as well as a 
considerable number of oils and their products. The experimental 
points for the same temperatures have been connected together 
by dotted lines, and the lines for the corresponding temperatures 
as derived by the formula have been drawn in on the charts. There 
is satisfactory agreement except for 52 deg. fahr., at which low tem- 
perature difficulties and discrepancies might be expected. 


RELATION BETWEEN SPECIFIC HEAT AND SpPEcIFIC GRAVITY AT 
HicH TEMPERATURES 


To meet the necessity of data for the design of high-temperature 
apparatus another chart, Fig. 3, is presented in which the specific 
heat and specific gravity have been plotted against temperature up 
to 800 deg. fahr. From this chart reasonably accurate values may 
be obtained of both the specific heat and specific gravity of any oil 
up to a temperature of 800 deg. fahr. (or up to the critical tem- 
perature, if this is less than 800 deg. fahr.) when the specific gravity 
at 60 deg. fahr. is known. 

In view of the high specific heats and low specific gravities in- 
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dicated by this chart as being reached at high temperatures, the 
following general findings of Pawlewski'® upon determinations 
which he made of the specific heat of different Galician crudes and 
their products, are of interest. 


1 Hydrocarbons of high molecular weight had a small heat capacity, 
scarcely 0.2 to 0.3 that of water. 

2 Some fractions composed of light hydrocarbons had a much higher 
specific heat than the original crude. 

3 Oils, vaselines, and paraffins, composed chiefly of heavy hydrocarbons, 
had a lower specific heat than the light-boiling fractions; some even lower 
than that obtained for the crude oil itself. 

4 ‘The specific heat of paraffins changed markedly with the temperature. 
At high temperatures the values approached that of water. 


This chart, Fig. 3, is submitted with some hesitation, as the un- 
stable nature of petroleum oils at high temperatures must be con- 
sidered, and again because such experimental data relating to specific 
heats at high temperatures as are available indicate somewhat 
lower values. However, where such data were given, the specific 
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gravity was not included and it was impossible to incorporate the 
data in this study. 

More-extended experimental data may in time show an upper 
limit beyond which the linear relationship will not hold, and prove 
that a revision of Fig. 3 downward would be desirable. It is much 
to be hoped that such data will soon be forthcoming. Until then 
the high-temperature data, derived as an approximation, are of a 
speculative nature and must be used with caution. 


CONCLUSION 


It is trusted that the charts presented herewith may be found of 
some real value to the petroleum engineer and may prove of some 
assistance to him, when in the design of equipment it is necessary 
to assume values for the specific heat of the oils with which he is 
dealing. It is also hoped that they will serve as an incentive for 
further investigation in this line, especially at high temperatures. 

Thanks are due to C. F. Braun & Co., for whom the study was 
originally made, for permission to publish the results. 


Ouil-Tank-F ire Boilovers 


Conditions That Must Exist if a Burning Oil Tank is to Boil Over, and Which Are Never Found 
in Gasoline and Light-Refined-Oil Storage 


By H. H. HALL,! SAN FRANCISCO, CAL. 


reason, and because large values are generally involved 

in oil fires, the public hears a great deal more about them 
than their relative importance warrants. Particularly in Cali- 
fornia, where electrical storms are comparatively infrequent, 
an oil-tank fire is a rare occurrence when one considers the thou- 
sands of tanks in service and the millions of barrels of inflammable 
liquid stored. 

Another feature that tends to exaggerate popular fear of oil 
fires is uncertainty as to just what is liable to happen when a tank 
burns. In one case the fire will burn quietly until nothing re- 
mains but a layer of black coke in the bottom. In the next tank, 
after burning for some time the oil may froth up and boil out of the 
tank quite violently; and when this does take place it is important 
to have fire walls which will prevent the burning oil from spreading 
in all directions. The time when this boilover may be expected is 
also an uncertain factor. In some cases it has taken place four 
or five hours after the fire started; and in other cases it has been 
delayed for 24 hours or more. 

In an effort to find an explanation for these seeming inconsisten- 
cies, all available records of tank fires that have occurred on the 
Pacific Coast in the past 20 years were carefully studied. But 
when these data had been analyzed there still remained many 
apparent contradictions. It was accordingly decided that before 
any dependable general conclusions could be drawn, a series of tests 
must be run in which the different variables which might have an 
influence on the results could be independently controlled. These 
tests were undertaken with two principal objects in view: 

1 To determine the physical conditions of container and 
contents which result in a boilover 

2 To obtain data on which to base a prediction of the ap- 
proximate time wher an expected boilover will occur. 


A BURNING OIL TANK makes a spectacular fire. For this 


EQUIPMENT AND PROCEDURE 
It was felt that the two most obvious factors likely to affect 
boilover conditions in a tank would be the temperature and physical 
conditions of the contents. In order to study the former it was 
decided to equip the test tanks with thermocouples giving tem- 
peratures at points about 8 in. apart vertically. To observe changes 





10 Pawlewski, Chem. Zeit. Report, 17, no. 2, 313 (1893), through Bell, 
American Petroleum Refining, p. 49. 

1 Chief Engineer, Standard Oil Co. of California. 

Presented at a meeting of the San Francisco Local Section of THe AMER- 
IcAN Society oF MEcHANICAL ENGINEERS, March 26, 1925. Abridged by 
the omission of appendices giving details of the tests made and of the theory 
of heat-wave propagation advanced in the paper. 
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Fig. 1 Borover Test Layout 


in the physical condition of the oil—gravity, water content, ete.— 
several small sample draw-off lines were connected into the tank at 
different levels. 

In order to observe the influence that the size of tank might 
have on the behavior of the burning oil, tests were run in three 
different sizes, namely, 

1 An ordinary 110-gal. barrel with top removed, as shown in 
Fig. 1 
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2 A larger drum (approximately 42 in. in diameter by 60 in. 
high, holding about 350 gal.) provided with a more com- 
plete set of thermocouples and sample draws, as shown in 
Fig. 2 
3 A tank 15 ft. in diameter by 5 ft. high was used twice, in 

order to study the effect of a larger size on the results 
obtained with the smaller container. (See Fig. 3.) 

The first few tests indicated that the 110-gal. tank behaved in 
substantially the same way as the larger sizes: and since this small 
tank was much easier to handle, required considerably less oil, 
and gave definite results in a shorter time than the larger tank, it 
was used for a considerable part of the investigation. 

All told, a total of 104 tests were run. The oils burned included 
gasoline and partially refined distillate, crude oils of gravities rang- 
ing from 35 deg. to 20 deg. A. P. I., and a considerable number of 
fuel oils of about 17 deg. to 18 deg. A. P. I. 

In the tests of crude oils, the main boilovers ranged from quiet 
spills in which a comparatively small amount of oil came out of the 
tank, to violent eruptions throwing out 75 or 80 per cent of the oil. 
(See Fig. 4.) In a few cases where no real boilover occurred there 
was a slight eruption just at the end of the tests when the oil had 
practically all burned out. It is thus felt that the tests accurately 
reproduced conditions which may be expected to occur when actual 
tanks burn. 

If it had not been for the test apparatus (thermocouples, sample 
draws, ete.) with which the tanks were equipped, the whole series 
of 104 fires would probably have added little to our knowledge of 
why and when boilovers are likely to occur; for the results obtained 














Fig. 2 350-GaxL. Test TANK BuRNING FUEL OIL 
(The small fires in cans were for heating sample draws to enable oil to flow. 
was run on a very cold day.) 


Test 


in different tests were almost as conflicting as the records of actual 
fires. 

Some tanks with water in the bottom boiled over—others did not. 
Most ecrudes boiled over, but a few did not. Most refined oils 
refused to boil over, but a few did, under very special conditions. 
However, careful analysis of the data afforded by the thermocouples, 
the draw-off lines, and other attachments has made it possible to 
reach some rather definite conclusions which are not only borne out 
by the tests but which agree with all available records of actual 
fires when these are examined in the light of the test data. 


ORIGIN OF BOILOVERS 


The first and most important finding is that three conditions must 
exist in a burning tank if a boilover is to occur: water must be 
present in the oil, heat must be carried down into the oil well in 
advance of the burning surface, and the oil must be of a viscous 
nature. These three conditions and the part which each plays 
in the production of a boilover are discussed in some detail below. 

Presence of Water. In every test where a boilover occurred, 
water was present in the oil. In some cases free water on the bot- 
tom of the tank was also necessary to produce a boilover. This 
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has led to the conclusion that the oil must contain some water if a 
boilover is to occur. 

However, the mere presence of water does not mean that a 
boilover is bound to occur. The other conditions described below 
must also exist. 

Heat Wave. A large boilover will not occur unless heat is carried 
down into the oil considerably in advance of the burning surface. 
This is essential because the boilover is caused by steam forming 
bubbles in the oil, and thus expanding it until it overtops the con- 
tainer. There must be enough oil on top of the steam to form these 
bubbles. Now oil is a notably poor conductor of heat, and it 
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would therefore be expected that radiant heat from the flame 
would penetrate below the burning surface very slowly. But 
one of the first things observed in the tests was the tendency for 
what may be termed a “heat wave” to advance down to the bottom 
of the tank comparatively fast. Visual evidence of such an ad- 
vancing heat wave may be observed in Fig. 2. At the time this 
picture was taken the oil level had burned down only about six 
or eight inches below the top of the drum; but at least the top two 
feet of oil had become so hot that streaks of spilled oil on the shell 
had been entirely dried off. 

When this phenomenon was first observed it was felt that the 
heat might have traveled down through the shell of the drum. 
But when the thermocouple records were analyzed it was found 
that the whole body of oil down to the front of the heat wave had 
been heated to a high temperature. It was also observed that there 
was a very sharp dividing line between this hot oil and the cooler 
layer below. 

For convenience in analyzing these thermocouple records, a 
“oraphical log” was plotted for each test. Fig. 5 shows a typical 
log of a test in which crude oil was burned and a very sharp heat 
wave was formed. It will be noted that the temperature of thermo- 
couple No. 1, which was located just under the oil surface at the 
start, went up almost immediately to 300 deg. fahr. In about 
twenty minutes the oil level had burned down to this thermo- 
couple, and it then continued increasing in temperature until it 
reached about 1500 deg.—approximately the temperature that was 
observed in all tests where thermocouples were directly in the flames. 
Thermocouple No. 2, which was about eight inches below the oil 
level at the start, remained at an almost constant temperature 
for about forty minutes after the fire started. In the next ten 
minutes it went up from 60 deg. to 360 deg. At this time it will 
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be noted that the oil surface was still about seven inches above the 
level of this thermocouple. 

About an hour after thermocouple No. 2 had shown this rapid 
rise in temperature, No. 3 made a similar sudden jump, going up in 
less than ten minutes from 70 deg. to 350 deg. At this time this 
thermocouple was more than eleven inches below the burning oil 
surface. Similar behavior was observed in the other thermocouples. 
About four hours after the fire was started, thermocouple No. 7, 
which was located just at the top of a thin layer of water in the bot- 
tom of the tank showed a corresponding sharp rise, and immedi- 
ately afterward a boilover occurred. The steam 
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b Even if it is not, there will be a certain amount of ebullition 
due to the fact that heat in these heavy ends will vaporize 
some of the lightest fractions in the cold oil, and will also 
vaporize some of the water that may be suspended in this 
oil. This tends to mix the hot ends with the upper por- 
tion of the cold oil, with the result that some of this cold 
oil is brought up to the temperature of the hot layer im- 
mediately above. 

Thus continuous circulation is set up as indicated by the arrows 
in Fig. 6. Heat from the fire is carried down into the cold oil; 
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search of some other explanation the theory illus- 


trated by Fig. 6 was evolved, and subsequently  ~°F---72==4 
confirmed by laboratory tests. tor—— ¢ 600 

As shown in Fig. 6, the oil in a burning tank of tte = 
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both as to temperature and physical properties; and . 
finally a bottom layer of water and sediment. a 
Oil, like most other substances, expands as it is 
heated, and its specific gravity consequently becomes less. If 
this expansion were the only action to which the oil was subjected, 
the hottest oil would be the lightest, and would therefore remain 
at the surface. But the thin surface layer which is feeding the 
fire, besides getting hot, is also undergoing another process—that of 
distillation. This action tends to make the to player grow heavier, as 
it is the lightest fractions that are distilled off to feed the flames. 














Fig. 4 Maximum INTENSITY OF BorLover or Test TANK 


Eventually this action of distillation overcomes the lightening 
effect of the heat, and portions of the top layer, which is at the 
highest temperature in the tank, actually become heavier than the 
somewhat cooler layer next beneath. These heavy ends then sink 
through the hot oil below, carrying a considerable quantity of heat 
down with them. When they reach the top of the layer of cold 
oil, further sinking is prevented in two ways: 


a The gravity of the cold oil may be higher than that of the 
hot heavy ends 





5 Borover Test No. 9—SouTHERN CALIFORNIA CrRuDE OIL 
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Fic. 6 Process or Heat TRANSFER BY Heavy ENps 


the lightest fractions of this cold oil are distilled, the vapor rising 
to the surface, and the remainder is warmed to the temperatur: 
of the hot layer. The result is that the depth of the hot layer con- 
tinually increases; that is, the “high-temperature front” penetrate= 
further and further ahead of the burning surface, and eventuall\ 
reaches the water in the bottom of the tank at a time when there | 
still ample depth of oil in the tank to froth and boil over as the steam 
rises through it from the water being vaporized in the bottom. 

This explanation of the mechanism by which the heat wav 
advanced was subsequently confirmed by special laboratory di-- 
tillations, which were made on every one of the test oils. The! 
sults of such a distillation test of the oil burned in Test No. 9 are 
plotted at the right-hand side of the graphical log of that test 
reporduced in Fig. 5. ' 

It will be noted that as this particular oil is heated up, it keep- 
growing lighter up to about 600 deg. fahr., at which time about 
40 per cent has been distilled off. 
grows heavier until at about 730 deg. it is as heavy as the origina! 








From then on the burning layer 
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cold oil. By that time 60 per cent of the original top layer has been 
burned. In all probability, before this degree of distillation has 
been reached, half the top layer will have sunk into the hot oil below 
it, and will have carried some of this approximately 700 deg. 
temperature down with it to the top of the original cold oil. 

Further confirmation of this theory that a heat wave is carried 
down into the burning oil by the settlement of heavy ends from the 
distilling surface layer, is afforded by the fact that when refined oils 
containing only a small portion of heavy ends are burned, a heat 
wave either does not form at all, or if it does start, it does not per- 
sist to the bottom of the tank. Examples of these two cases may 
be observed in the graphical logs of Tests Nos. 4 and 7, Figs. 7 and 8. 
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Viscous Oils. The third requirement is that the oil, or at least 
the sediment at the bottom of the tank, shall be of a viscous nature. 

As explained above, a boilover occurs when water is converted 
into steam by the heat that is carried down through the oil, this 
steam creating a foam or froth as it rises through the oil above. 
If the oil is of a non-viscous character, so that it will not foam as 
steam rises through it, a boilover is not liable to occur. 

This is of interest mainly in connection with partially finished 
refinery stocks, such as crude naphtha. These may contain 
enough heavy ends to set up a heat wave; but if nothing but clean 
water is in the tank bottom, a boilover is not liable to occur. How- 
ever, if there should be a few inches of sticky bottom settlings, this 
may produce enough froth to cause a_boilover. 

So much for the conditions under which a_boil- 
over may occur. The next important thing to as- 
| certain is when the boilover is to be expected. 


TIME OF BOILOVER 


A large boilover will not occur until a heat 
wave has reached the bottom of the tank, or 

+ has at least progressed to the top of whatever 
0 | layer of wet settlings there may be in the bottom. 
| Hence, to predict when a boilover is likely to occur 
| in any particular fire, it is important to know the 
progress of the heat wave. The rate at which this 
wave advances is influenced by so many factors— 
the distillation characteristics of the oil, its water 
“content, the size of the tank, ete——that it is im 
' practical to make any general statements regard- 
ing the rate of advance which may be expected 








Fic. 7 Boitover Test No. 4—Water-Wuite DistiLuaTEe 


The oil burned in Test No. 4 was “‘water-white distillate,” a 
rude kerosene before receiving its final treatment. From the dis- 
tillation curves of this oil, which are shown in Fig. 7, it will 
be noted that this specific-gravity curve has only a slight inflection 
it the very end, which indicates that the oil contains practically no 
heavy fractions. As would be expected from this condition, the 
thermocouple curves show the complete absence of 
iny heat wave when this oil burned. For example, 
thermocouple No. 4 increased only a few degrees for 
the first 6'/. hours of the test. By this time the oil 
evel had burned down to within about 3 in. of this 2 
thermocouple. It was thus evident that heat was 
being carried down into the oil almost entirely by 


onduction, and consequently that the high tempera- =“ 
ture could advance only a few inches ahead of the — 40 
urning surface. When the heat finally did reach a ane ee 
the layer of water in the bottom of the tank, there — 2 seb 

as not enough oil left to cause any appreciable © 2 
eruption. The fire simply sputtered out. are om 

In Test No. 12, the graphical log of which is ,. 

1own in Fig. 8, crude naphtha was burned. The ite =} 
distillation curves for this oil indicate that it con- 7. & th 
tained a somewhat greater portion of heavy ends pee 

ee.) 


than did the water-white distillate burned in Test 
No. 4. Consequently a heat wave started to form, 
but before it had reached the bottom of the tank it e 
died out. There were two principal reasons for 
this: the heavy fractions were not enough heavier 

than the oil in the hot layer to cause rapid circula- 

tion; and the complete absence of water from this oil eliminated 
any tendency for steam to rise through the hot layer and thus re- 
duce its effective specific gravity. The net result was that heat 
did not get down to the water in the bottom of the tank until 
inost of the oil had been consumed; so that, as in Test No. 4, 
the fire finally sputtered itself out. 

‘rom these records of three typical tests it is clear that if a boil- 
over is to occur, the oil burning must have distillation character- 
isties that will permit a heat wave to persist all the way to the 
Water that may be at the bottom of the tank. 






< in different oils. But by actually observing in the 
g Temperatures Carly stages of a fire the rate at which the wave is 
progressing—if the oil is such that a heat wave forms 
a reasonably accurate prediction may be made of 

the time when a boilover is to be expected. 

Various means of observing the progress of the wave were 
noted in the course of the tests. Simply looking past the shell of 
the tank may give the desired information; for down to the level 
of the front of the heat wave there is an apparent undulation of 
the air resulting from the heat radiating from the shell—this 
phenomenon being similar to that observed when looking along a 
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Fic. 8 Bottover Test No. 12—Crupe NaApHTHa 


pavement onahotday. At night, or where atmospheric conditions 
are not favorable to this means of observation, water sprayed against 
the shell will steam down to the bottom of the hot layer; old oil 
on the shell will dry out as the hot level advances downward (as 
shown in Fig. 2); and, of course, where conditions permit approach- 
ing the tank, feeling the shell will indicate when the heat wave has 
advanced down within reach. 

Most of these methods are only approximate and may not give 
very reliable results. In the course of the tests it was found that 
a special temperature-indicating paint, made of a pigment which 
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changes color when its temperature rises above 150 deg. fahr., 
is a very satisfactory and practical method of accurately following 
the progress of the heat wave. Probably a stripe of this paint 
could be applied in most cases after a tank is on fire, by approaching 
from the windward side and using a brush attached to a pole for 
painting a stripe down the side. Three-quarters of a pound of 
cuprous mercuric iodide finely ground, mixed with one-quarter of a 
pound of diatomaceous earth as a filler, and stirred into one pint of 
linseed oil or equivalent will make enough paint for two stripes ex- 
tending the full height of a 30-ft. tank. In view of the importance 
of knowing when to expect a boilover from a burning tank, it would 
seem well worth while to keep these ingredients for making up a 
small quantity of temperature-indicating paint on hand wherever 
there are large tanks containing crude or fuel oils. 


DRAINAGE 


In addition to investigating the cause of boilovers and the time at 
which they may be expected to occur, some time was devoted during 
the tests to an endeavor to find a means of preventing them. 

One of the most obvious methods is to endeavor to remove the 
water. This was tried even to the extent of building a special cone- 
shaped bottom and attempting to keep the water drained off 
right up to the moment that the heat wave reached the bottom. 
This process was successful in a few cases, but even it could not be 
counted on. 

Nearly all crudes contain some water, either in emulsion or 
suspension, and as the heat wave comes down through the crude, 
some of this water gradually settles out, but not immediately. The 
result is that the water in the bottom of the burning tank is being 
continuously augmented; and as it expands some 1700 times when 
turned to steam, it takes very little of it to cause a boilover. In 
actual practice, tank bottoms are so uneven that it would not be 
possible to count on completely draining out all the water. But 
the less there is on the bottom when the heat wave reaches there, the 
less violent the boilover will probably be. It is therefore good 
practice to drain a tank of burning crude oil as rapidly as possible 
through the lowest available connection—preferably a water draw 
in the bottom. This drainage should be continued, if practicable, 
until the heat wave reaches the bottom. 

Residual fuel oil, as distinguished from crude, contains no water 
when it leaves the still; but nearly all fuel oil contains some water 
when it reaches the consumer. One of the chief sources of this 
water is the common practice of transporting fuel oils in tankships. 
These vessels generally carry salt-water ballast when returning from 
the point of delivery; and it is impractical to get the last traces 
of this water out before the vessel is reloaded. So some of it gets 
mixed with the oil during transportation; and more water may get in 
from leaky steam-heating coils, leaky tank roofs, ete. In many 
cases the water content of fuel oil will be less than '/2 of 1 per cent; 
and the tests indicated that a fuel as dry as this would prob- 
ably not boil over. But this is a condition that can hardly be 
counted upon. It is generally safest to assume that, if a fuel-oil 
tank is fired, it may contain enough water to cause a boilover, and 
to drain the bottom of the tank continuously until the heat wave 
reaches there. 

Water settles out of fuel very slowly, so that there may be enough 
still suspended just below the front of the heat wave to cause a 
boilover in spite of this drainage; but as in the case of crude oils, 
any water that can be removed by drainage will reduce the violence 
of the boilover, if it does occur. 


* * * * 


Replying to questions propounded after presentation of the paper, 
the author pointed out that water was almost always present in 
crude oil—sometimes only in small quantities, but only a very 
small percentage of water in an oil was necessary to cause a boil- 
over. In the case of some oils that had considerable water in sus- 
pension, slop-overs had occurred before the heat wave reached the 
bottom of the tank; those responsible for the safety of men working 
near a burning tank should be on the look-out for such slop-overs 
after the tank had burned more than a few hours. However, the 
real boilover would not occur until the heat wave had traveled 
down to water which may be in the bottom of the tank. 

Fuel oil, as it came from the stills, was free from water; but in 
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handling, it might pick up enough water to cause a boilover, so 
this contingency should be kept in mind when a fuel-oil tank burned. 
However, fuel oil was so hard to ignite that there were extremely 
few records of fuel-oil tanks burning anywhere in the United States. 

Refined oil would not boil over, because it did not have the heavy 
ends necessary for a heat wave, and because it was not viscous, 
even though water was in the bottom of the tank, which was often 
the case in marketing tanks. 

fegarding the effect of fire on the tank, the author said that he 
had never known of a riveted or welded tank breaking or the seams 
parting in any fire. In the tests, no bulging or other changes due 
to heating had been observed in the sides of the tank. 

Answering a question regarding certain actual fires in which 
more than one boilover had occurred, the author said that in many 
cases the first boilover spilled some of the contents out of the tank 
but apparently did not evaporate all the water in the bottom of 
the tank; after this the oil continued to burn and eventually boiled 
over again. In a number of cases, particularly where heavy oils 
had burned, the first boilover had created a foam or froth which 
had actually extinguished the fire. 

Regarding the foam system for extinguishing fires, his company’s 
two actual experiences on large gasoline-tank fires had been entirely 
successful. He pointed out that this had been accomplished with 
foam systems in good working order and ready to start the minute 
the fire was reported; that this was quite a differént matter from 
attempting to put out a fire with an improvised foam system, which 
had often proven unsuccessful. 

AccORDING to information in the hands of the British Home Office 
(corresponding to the office of the Secretary of the Interior in the 
United States), there was an increase in the number of cases of lead 
poisoning in ship-scrapping yards during the last few years. The 
industry is carried on in about seventy yards, some of them tem- 
porary in character and varying very much in size. The cases 
occur among burners or their assistants employed in cutting lead- 
painted and red-leaded plates by means of an acetylene flame, and 
are caused by the inhalation of lead fumes. There was one case in 
1919, three in 1920, and 131 in 1924. 

Under high magnification (600 diameters) the fume from cutting 
—which experiments by the government chemist show is so fine 
as to be completely held back only by a layer of cotton wool 6 in. 
thick—is seen to consist of an enormous number of translucent, 
colorless particles, chiefly 0.5 of a micron ('/;,000 of an inch) and 
less in size, discrete, but so dense as almost to be touching, irregular 
in form and apparently more flaky than globular. Such micro- 
scopical examination indicates that the fumes (1) are particulate in 
character; (2) may be present and may reach considerable density 
though not obvious even in bright sunlight; and (3) are much more 
dense in confined or sheltered places. 

There is no doubt that the whole of the symptoms are due to the 
inhalation of fume which is liberated at the high temperature of 
the oxyacetylene flame as it comes into contact with lead-painted 
surfaces or with red lead. Experiments carried out in the govern- 
ment laboratory abundantly prove this and show that the amount 
of lead breathed daily by an oxyacetylene burner is about 25 times 
as great as the minimum dose of lead which, if inhaled daily, will 
in time cause chronic lead poisoning. 

The risks occur chiefly in confined or sheltered places, and on this 
account the general method of procedure is to ‘open up,” that is, 
to begin burning on the deck and work downward in order to avoid 
such places. It has not so far been found possible to apply to this 
process the remedy usually adopted to remove poisonous dust or 
fumes, namely, localized exhaust ventilation. Nor can the wearing 
of respirators of the ordinary type be recommended. Owing to 
the nature of the fume the ordinary respirator affords little or no 
protection, and, by reason of the false sense of security it gives, may 
even result in increased risk to the worker. For oxyacetylene cut- 


ting in confined or sheltered places the only suitable type of res- 
pirator is a breathing apparatus with tube attachment several feet 
in length, so arranged that the operator breathes fresh air through 
the free end. Certain precautions are suggested and the employ- 
ment of young persons as lead: burners or as assistants is de- 
preciated. 
p. 560.) 


(Shipbuilding and Shipping Record, May 7, 1929, 
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The Utilization of Wood Waste as Fuel in Steam 


Power 


The utilization of wood waste from the lumber-manufacturing industry 
as a fuel for power-producing purposes offers to the engineer a series of 
problems as unique in character as they are important in their economic 
scope. The yearly output of such waste actually employed to produce 
power in the Pacific Northwest is the equivalent of about two million tons of 
good steam coal or seven million barrels of fuel oil. The intrinsic heating 
value is low, and its bulk, high moisture content, and irregular texture call 
for the solution of difficult problems in handling, storing, and firing, with 
equally important questions in furnace design, draft control, and cinder 
elimination to be solved. The present efficient types of furnaces used with 
the fuel are the result of a long period of evolution, wherein the peculiar 
nature of this fuel was studied in its relation to known principles of com- 
bustion, with the development of a distinct and characteristic line of engi- 
neering methods which has resulted in the ability to design and operate 
wood-waste-burning plants having an efficiency and capacity comparing 


favorably with other steam power plants. 


Combustion of Wood Waste from Lumber- 
Manufacturing Plants 
By H. W. BEECHER,? SEATTLE, WASH. 


THE purpose of this paper is to cover in a general manner 
combustion characteristics of wood wastes from the lumber- 
manufacturing industry as a boiler fuel and the adaptation of wood 
waste to such uses. The sawmill refuse or waste from the lumber- 
manufacturing industry has, in general, been in greater quantity 
than required for the production of power for sawmill operation 
and steam for mill process work, and therefore efficiency of com- 
bustion of such fuel has been of little importance. 

In most cases efficient combustion of fuel under the boilers in 
such plants has not been desired as it would result in a greater 
amount of waste to destroy in refuse burners with corresponding 
higher handling and maintenance costs. There have been many 
changes in the sawmill plants, the modern plant having discarded 
the slide-valve and later Corliss-engine drives through lineshafting 
for the steam-turbine-driven generator and electrified mills. With 
this change in prime mover and method of power transmission, 
there has come the demand for higher steam pressures, compact 
boiler rooms, more efficient fuel handling, and the return-tubular- 
boiler installations are gradually being replaced with the more 
efficient water-tube boilers. 


Uses oF Woop-WastTE FUEL 


The use of hog fuel in plants not allied with the lumber industry 
has been rapidly increasing and has been largely a product of the 
last few years. Many of the public-utility companies and indus- 
trial plants in the Northwest are securing the bulk of their steam- 
generated power from power plants burning hog fuel. Over 850,000 
units* of hog fuel were used in the Northwest during 1924 in such 
steam production. This quantity does not include slabs or mill 
end sold as such. 

As the cut of the Washington and Oregon mills for the last four 
years averaged about 10,000,000,000 ft. and approximately half a 
unit is available per thousand feet cut, it is evident only a small 
part of the wood waste reaches a market in the form of hog fuel. 
The 850,000 units used by public utilities and industrial plants is 
roughly equivalent to 2,100,000 bbl. of fuel oil, or from 600,000 
to 700,000 tons of the quality of steam coal on the northwestern 
market. 

By virtue of the fact that the disposal of this refuse is an item of 
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? One unit equals 200 cu. ft. See Methods of Measurement on p. 546. 


Plants 


expense to the lumber-manufacturing plants, the wood waste is 
available for sale at prices which make it a commercial competitor 
of coal and oil, and provide for the sawmill an additional source of 
revenue. Because of its bulk per unit of heat and the difficulty 
in handling, the price obtained by the mill is a comparatively small 
percentage of its cost delivered at the boilers. 

The increase in the use of wood refuse in these plants has pro- 
duced an additional revenue for the lumber industry. There are 
very few sawmills on tidewater that are not taking advantage of 
the possible sale of wood refuse in the form of hog fuel. The 
amount of hog fuel available for sale per thousand feet of boards 
cut is variable, and depends upon the type of mill and the character 
of logs received. There are some mills that report as much as a 
unit of hog fuel available for sale per 1000 ft. of logs scale. There 
are other mills that report as little as one-third unit. It can be 
conservatively assumed that the mills will average one-half unit 
per 1000 ft. On this basis there are available in the mills adjacent 
to possible industrial uses of mill refuse, approximately 5,000,000 
units per year. The above figure includes much wood now sold 
in the form of slabs and mill ends for domestic heating. It does 
not include the wood waste used in the mills in the production of 
power for mill operation. As hog fuel is now priced by the mills, 
it can be sold, where a market is available, to net the mill owner 
from 50 cents to $1.00 extra per 1000 ft. of lumber produced. 
By converting this wood waste into steam at the plant and thus 
avoiding handling costs and producing therewith electrical energy 
by means of large-size turbo-generators, it is possible to produce 
from 600 to 750 kw-hr. per unit. It was consideration of the pos- 
sibilities of such local production of salable electrie energy that 
prompted The Long-Bell Lumber Company to install a modern 
steam power station in which to convert a large portion of their 
mill waste into electrical energy. 


Hoa Furi DEFINED 


The wood waste from the lumber-manufacturing industry is 
commonly referred to as “hog fuel.’ This term is incorrect as 
applied to all of the refuse sold and correct only in so far as it applies 
to that portion which has been manufactured by the process of 
feeding slabs, edgings, trimmings, etc. into a mechanical contrivance 
to reduce this wood to a uniform small size and termed a “hog.” 
There are four types of hog on the market. One differs but slightly 
from the chipper used to prepare wood in a paper mill for the digester 
in the production of sulphite pulp, and consists of a steel disk to 
which are attached knives. A second type consists of two con- 
centric cones bearing knives which revolve in a conical-shaped hous- 
ing. A third hog is one in which a cylinder fitted with a row of 
knives revolves in a cylindrical housing. The fourth type is 
known as a “hammer hog,” in which the wood is broken up 
by the impact of a series of hammers operating against the edges 
of anvils. There are limitations as to the shape and character 
of the wood that can be fed to each of these types of hogs. The 
selection of the right hog for the duty imposed is important. All 
knife hogs are subject to dulling caused by tramp iron or other 
foreign material, and require frequent change of blades in order to 
maintain a uniform product. As soon as the knives are dulled 
there is a tendency for the wood to come through in shreds instead 
of chips, and these shreds may be of such length as to interfere 
materially with the handling of the fuel, and in particular with its 
discharge through independent openings in the conveyor system. 
It is sometimes necessary to “rehog” fuel, and in such an event 
two types may be used to advantage in series. 

The expression “hog fuel’’ has by sufferance been extended to 
include not only the material that has been passed through a hog 
but also shavings from planing mills, sawdust from saw kerfs, 
bits of bark, chips, and other small recovered products from the 
manufacture of lumber. Hog fuel as sold for commercial purposes 
therefore varies materially in its size, the amount of voids, and 
the proportions of wet and dry wood it contains. 
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MeEtTHODS OF MEASUREMENT 


On account of the difficulty in weighing and determining moisture 
in a material which is comparatively bulky and in which the heat- 
unit content per cubic foot is small, and also influenced by the 
comparatively low price obtained by the mill per unit of heating 
value, custom has established that this material shall be sold and 
purchased on a cubic-foot basis rather than on a B.t.u. 
This method is subject to error and considerable variation in fuel 
value per dollar paid, first, because of the varying proportion of 
dry wood delivered per cubic foot, and second, because of the ma- 
terial effect on the available heat per pound of dry wood due to 
the moisture content of the wood as delivered and the necessity of 
evaporating the contained moisture with the loss of the heat re- 
quired to raise the temperature of such moisture above that of the 
surrounding air, evaporate it into steam, and superheat it to the 
temperature of the outgoing gases. Table 1 shows the marked 
variation in available B.t.u. with varying boiler efficiency and 
varying percentage of moisture. In this table the available heat 
is defined as the heat left in the fuel for evaporative purposes 
after deducting the heat necessary to heat, evaporate, and super- 
heat the moisture in the fuel to an assumed stack temperature of 
550 deg., and is computed on the basis of 8500 B.t.u. per lb. of 
dry fuel. While tests show that the B.t.u. per lb. of dry fuel in 
most soft woods will run closer to 9000, the low value is assumed to 
account for variation in stack temperature, resin content, incom- 
ing-fuel temperature, etc. and the available heat as calculated and 
given in Table 1 is still slightly conservative. The boiler efficiency 
used in this table is not based on the ratio between the total heat 
put into the furnace and the total heat represented in the steam 
generated in the boiler, but, for convenience in calculation, has been 
based on the heat available for production of steam. 


basis. 


TABLE 1 AVAILABLE HEAT AT VARIOUS BOILER EFFICIENCIES 
AND MOISTURE CONTENTS IN FUEL 
Total heat 

Per cent available -——— Boiler efficiency, per cent———— 

moisture Ha, B.t.u. 

by wt., P per Ib. 40 50 60 70 
10 7523 3009 3760 4514 5266 
20 6546 2618 3273 3928 4582 
30 5569 2228 2784 3341 3898 
40 4593 1837 2297 2756 3215 
50 3615 1446 1808 2170 2531 
60 2638 1055 1319 1583 1847 
70 1661 664 831 997 1163 


Formula: Ha = 8500 (1—P) —P(970.4 + 150 + 150) 


If the wood were fed into the furnace as solid wood, based upon 
an assumed specific gravity of 0.40 for a mixture of dry Douglas 
fir and hemlock the corresponding quantity of fuel required per 
developed horsepower with moisture content as given and boiler 
efficiency based on available heat in the wood, would be as given 
in Table 2. 


TABLE 2 CUBIC FEET OF SOLID WOOD PER BOILER-HP-HOUR AT 
VARIOUS EFFICIENCIES AND MOISTURE CONTENTS IN FUEL 








Per cent Boiler efficiency, per cent —— 
moisture 
by wt. 40 50 60 70 100 

10 0.400 0.320 0. 267 0.228 0.160 
20 0.409 0.327 0.273 0.234 0.164 
30 0.421 0.337 0.281 0.240 0.168 
40 0.437 0.350 0.291 0.25 0.175 
50 0.463 0.370 0.309 0.264 0.185 
60 0.508 0.406 0.339 0.290 0.203 
70 0.605 0.484 0.403 0.346 0.242 


Formula: Vy, = 33,465 (Ha XK Wr) 


Table 3 is derived from Table 2, using a factor of 2'/, to convert 
from solid wood to hog fuel. This is an arbitrary average value 


TABLE 3 CUBIC FEET OF HOG FUEL PER BOILER-HP-HOUR AT 
VARIOUS EFFICIENCIES AND MOISTURE CONTENTS IN FUEL 
Per cent -————— Boiler efficiency, per cent— ——s* 
moisture 
by wt. 40 50 60 70 100 
10 0.900 0.720 0.600 0.513 0.360 
20 0.920 0.735 0.615 0.527 0.369 
30 0.947 0.758 0.632 0.540 0.378 
40 0.985 0.787 0.655 0.563 0.394 
50 1.042 0.833 0.695 0.594 0.416 
60 1.145 0.913 0.763 0.653 0.457 
70 1. 362 1.090 0.910 0.778 0.545 
Formula: Vy = Vy X K 
where Ha = available heat, Vy = cu. ft. per hr. per b.hp. (hog 
fuel), P = per cent moisture, W, = wt. of 1 Ib. fuel at various 
moistures, Vy = cu. ft. per hr. per b.hp. (solid wood), K = 
constant = 2.25. 
and is subject to considerable variation. The author has known 
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cases where this factor has been computed to be as low as 1.8, 
also others where it has reached as high as 3.8. The variation in 
this factor is largely due to the percentage of fines or saw-kerf 
dust, the condition of hog knives, and the proportion of planing- 
mill shavings. It is also affected by the period of time in which 
hog fuel has stood in containers and the jarring or packing to which 
it has been subjected. 

Table 3 is useful in determining proportions of furnaces and 
quantities of fuel fed into furnaces per hour for a given output. 

It is of interest to note that as the percentage of moisture content 
by weight is increased, not only does the boiler efficiency, based on 
B.t.u. fed into the furnace, become less due to the difference between 
total and available heat, but also the efficiency based on available 
heat is decreased. In the course of the author’s experience with 
the combustion of hog fuel it has been determined from various 
tests that such variation in efficiency does exist, but the data so 
obtained are sufficiently influenced by other factors to prevent his 
presenting in this paper any authentic curve on which reliance 
could be placed in prophesying probable variation of efficiency 
based on available B.t.u. with variable moisture content. In 
general, resinous woods burn better than those containing less 
resin, but in the sale and purchase of wood refuse little account has 
been taken of the resin content or of whether the refuse is of fir, 
hemlock, spruce, cedar, or alder. 

For convenience in the purchase and sale of wood refuse, the unit 
of hog fuel has been taken as 200 cu. ft. Because of variation in 
voids, weight of dry wood, and moisture content, the weight of a 
unit may vary from 2500 to 5000 lb. The average unit will weigh 
in the neighborhood of 4000 lb. and frequently computations are 
made on the basis of a unit weighing 4000 Ib. and containing ap- 
proximately 42 per cent moisture. The moisture content, as usually 
expressed, is a designation of the percentage by weight of water 
contained in a unit weight of fuel as received. Samples of wood 
refuse have been placed in truck boxes containing 200 cu. ft. and 
driven over rough roads for the purpose of determining the amount 
of shrinkage with agitation. Such shrinkage is somewhat depen- 
dent upon the shape of the container, but, in general, may be said 
to amount to from 10 to 15 per cent. A further decrease in volume 
has been noted due to settlement over a period of 24 hours. This 
is entirely due to the decrease in voids resulting from the weight 
of the fuel. 


RESULTS OBTAINABLE 


The wide range of variation in available heat makes it difficult 
to make comparisons or prophesy the evaporative results obtainabl: 
from hog fuel in terms of pounds evaporated per cubic foot or pe: 
unit, but if it were practicable to buy and sell fuel on a B.t.u. 
basis as determined by weight and moisture content, valuable dats 
could be obtained from comparison of evaporations secured 1 
various plants. Actual results secured in practice vary anywher 
from 8000 to 13,500 lb. evaporated from and at 212 deg. per unit 
of 200 cu. ft. of hog fuel. There have been a few tests made 1 
which the fuel has been weighed and the moisture content dete: 
mined, and the results have shown evaporations varying from 
3 to 6 lb. of water from and at 212 deg. per lb. of dry fuel. In a 
few plants where the hog fuel is converted into electrical energy, 
careful check has been kept on the kilowatt-hours obtained per 
unit of hog fuel. The results so obtained vary from 200 to 750 
A modern steam station with economizers and high pressure and 
superheat should be able to obtain between 1000 and 1100 kw-hr. 
per unit. Tests made to determine the CO, content of flue gases 
from hog fuel show wide variations not only in various-shaped 
furnaces but also in the results to be obtained with any individual 
furnace. The conical-shaped pile in which hog fuel is consumed 
in the furnace does not lend itself to uniform flue-gas analysis 
There are times when big blowholes develop, through which excess 
air passes in large quantities. There are other times when the fue! 
avalanches, covering up the spaces through which air is normally 
admitted, and insufficient air for combustion is supplied. To 
alleviate this difficulty in part, modern furnaces are designed to 
admit a large portion of the air through openings in the furnace 
front above the grate line and commonly referred to as “overdraft 
air.” There can be no assurance that this air will properly mix with 


the gases from the fuel and there is consequently continuous lan 
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ing of the gases, so that any flue-gas analysis could not be made on 
a representative or average sample. 
CONSIDERATIONS AFFECTING EFFICIENT COMBUSTION 
In the burning of wood fuel there is little combustion of fixed 
carbon until the volatiles have been eliminated. The ultimate 


analysis of an average sample of dry wood is approximately as 


fc Nir WS: 


Per cent 
Carbon 50.0 
Hydrogen. 6.0 
Oxygen ; , 43.5 
Nitrogen (less than)... 1.0 
Ash ; ; balance 


An approximate analysis on a dry-wood basis would show in the 
neighborhood of 


Per cent 


Volatile. , S15 
Fixed carbon . . 17.5 
Ash popaiers ‘ ; Te ee : 1.0 


The fuel does not materially reduce in volume by the driving off 
of volatile and moisture content, the cinders remaining approxi- 
mately in their original shape, and sometimes even swelling. As 
the fuel is consumed in conical piles the air for reduction of the 
fixed carbon must of necessity pass through the fuel bed, and the 
variation in draft resistance through different parts of conical piles 
reduces materially the rapidity of fixed-carbon oxidation in 
the center of the pile. An inspection of the grates from the ashpit 
reveals that there are live coals of cinder being consumed over 
the entire area, the brightest portion appearing around the edges. 

Iingineers in determining capacities of boiler installations have 
frequently referred to the ratio between heating surface and grate 
surface. This is incorrect, as the active area of combustion is the 
surface of the cone rather than the area of the grate which supports 
it. The area of active combustion is the portion of the conical 
surface through which the maximum quantity of air is admitted. 
Considerations of the variable draft resistance of conical piles led 
the author to the study and development of a step-grate furnace and 
its application to hog fuel, as later described in this paper. 

The high volatile content of fuel referred to above has an impor- 
tant bearing on efficiency of combustion as it is necessary to secure 
an intimate mixture of rapidly-driven-off volatile with the over- 
draft air. The considerations affecting the volatile content were 
thoroughly covered in paper on special boiler fuels presented by 
Darrah Corbet before the A.I.I.E. in August, 1920. 

The analyses of flue gases commonly reported only show deter- 
minations of carbon dioxide. The conditions of operation and the 
high volatile content of wood refuse make the determination of 
carbon monoxide of special importance in securing the highest 
efficiency. In an attempt to cut down on the excess air and se- 
cure high carbon dioxide determination, greater losses frequently 
result from stratification of gases having a high proportion of car- 
bon monoxide. In the step-grate furnace, later described, as in- 
stalled in a paper-mill plant, with fuel containing from 55 to 60 
per cent moisture, it has not been difficult to obtain from 17 to 
17'/» per cent CO» with but a trace of CO. 

Wood refuse, on account of its high oxygen content, is capable 
of producing, without excess air, over 20 per cent CO, by volume. 
One should expect to obtain from 15 to 16 per cent CO, with the 
step-grate furnace, corresponding to from 20 to 30 per cent excess 
air. Table 4 prepared from the average analysis quoted above 
shows the percentage of CO. by volume for certain percentages of 
excess air. 
rABLE 4 PERCENTAGE OF CO: BY VOLUME FOR VARIOUS PERCENT- 

AGES OF EXCESS AIR 


— ——Excess air, per cent - ———~ 











0 20 40 60 80 100 

COs 20.37 16.96 14.53 12.71 11.29 10.16 
Orv 0.00 3.50 5.98 7.85 9.31 10.46 
Nz 79.63 79.54 79.49 79.44 79.40 79.38 
100.00 100.00 100.00 100.00 100.00 100.00 


The number of pounds of air required for the combustion of 
various fuels is approximately 7.65 for each 10,000 B.t.u., irre- 
spective of the ratio of carbon to hydrogen. While the pounds of 
air per pound of fuel varies considerably with the various fuels, 
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this fixed relation between weight of air and B.t.u. simplifies 
combustion calculation. 


DRaFT 


The draft required for the combustion of wood refuse is largely 
dependent upon the shape and arrangement of the furnace. The 
draft losses through the boiler correspond very closely to those ob- 
tained with coal. The draft losses through the grates and furnace 
are decidedly variable. On account of the furnace admitting most 
of the air as overdraft air, the velocity through the fuel bed, and 
therefore the draft loss through it, is minimized. In order to ob- 
tain high rates of combustion with wet fuel it is necessary to pro- 
vide liberal draft equipment. 

Types or FURNACE, PRESENT AND FUTURE 

The general design of furnaces has undergone considerable 
modification in recent years. Originally wood refuse was fed 
through openings on the two sides of the shell of return tubular 
boilers, immediately in back of the front wall of the boiler. This 
meant that the combustion took place immediately under the shell 
of the boiler, and as the fuel piled up against the side walls there was 
comparatively little brickwork to radiate heat on to the green fuel 
as it came into the furnace, and the cold shell of the boiler absorbed 
heat rapidly through radiation. Under such adverse furnace 
conditions the capacities obtained were comparatively low, the effici- 
ency was poor, and the boilers smoked badly. 

It is commonly considered that the smoke from the combustion 
of wood is a result of insufficient air supply. However, this may 
not be the cause, as smoking may occur due to stratification. The 
smoke is a product of the volatile portion of the fuel and not the 
result of improper combustion of the fixed-carbon content. In 
the burning of volatiles the hydrogen seeks and first unites with 
the oxygen, and unless this takes place in a zone of temperature 
sufficiently high and in the presence of additional oxygen, the finely 
divided carbon forming the smoke will reach the tubes without 
uniting with the oxygen. 

The next step was the use of Dutch-oven furnaces where the fuel 
was fed through openings in the arch. In this type of furnace the 
conical pile or piles formed on the grate do not extend up furnace 
side walls, so it provides larger exposed areas of hot brickwork. 
Automatically the length of gas travel was increased and a portion 
of the green fuel was shielded by brickwork from direct radiation 
of heat to the cool surface of the boiler. The extension furnace 
also permitted the use of a larger grate surface and in general al- 
lowed for greater latitude in proportioning it. 

The next progressive step in furnace design was the addition of 
a drop nose or curtain wall located at the inboard end of furnace 
arch. The purpose of this drop nose was to further shield the green 
fuel bed from boiler tubes, provide additional incandescent surface 
for reflecting heat on the fuel pile and the issuing gases, and to 
direct the gases downward into the combustion space beyond the 
bridgewall. As the products of combustion from wood refuse 
occupy a comparatively large volume per developed B.t.u., high 
velocities are obtained through the furnace and it is advisable to 
change the direction of these gases so that they will not short- 
circuit into the tube surface. The drop-nose furnace, if properly 
designed, will accomplish this deflection and utilize to the greatest 
extent the combustion space, not only securing greater actual 
length of gas travel between fuel bed and boiler surface, but also in 
effect increasing the time the gases are in transit over and above 
that proportional to the length of travel. 

There are many cases of furnaces installed in this territory where 
the designers have noted the excellent results obtained with the 
drop-nose arch but have not appreciated the full purpose of such 
construction as they have installed the drop nose in front of the 
bridgewall. 

About five years ago the author considered the inclined-grate 
furnace used on Babcock & Wilcox boilers in the Hawaiian Islands 
for the purpose of burning bagasse as a possible design for the 
efficient combustion of hog fuel. This furnace is fitted with “step- 
grates,’”’ and as applied to the Babcock & Wilcox boiler is essentially 
as illustrated in Fig. 1. 

A study of the analysis of bagasse, or sugar-cane refuse, and a 
comparison of it with the average sample of hog fuel show that they 
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ach contain approximately the same number of B.t.u. per lb. 
dry. They both carry about the same moisture content, and the 
effect of the resin content of the wood refuse is about offset by the 
effect of the sugar remaining in the bagasse. The author felt 
convinced that such furnace construction, with slight modification, 
was adaptable to the burning of wood refuse and that its use 
would permit of obtaining higher capacities and better efficiencies. 
Early in 1922 one of the paper mills was persuaded to try out this 
form of furnace. Opposition from the operating engineers was 
encountered and the trial period was not of sufficient length to 
demonstrate the advantages of this form of construction. No COs, 
temperature, draft, nor efficiency determinations were made to 
compare it with other furnaces, and the furnace was rebuilt 
into one having a flat arch with a drop nose and flat horizontal 
grates. 

In the latter part of 1922, experiments with a furnace of this 
construction burning waste from a wood-preparation plant were 
conducted at a large paper-mill plant under 350-hp. Babcock & 
Wilcox boilers, and comparisons made with standard Dutch-oven 
type of furnace. The 
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allowing long gas travel before they reach the tube surface and 
insuring complete mixing and combustion of the gases. 

With properly designed step grates there is no riddling of cinders 
or fuel into the ashpit. The slag which forms on the grate can be 
removed by slice bar between the grate openings with the plant in 
operation. The dump gates can then be utilized to clear the 
furnace of slag. 

A hopper is constructed across the face of the furnace in which 
the fuel will form a seal preventing the admission of excess air. 
The secondary air supply can be separately regulated to correspond 
with the rate of combustion desired. 

It is the belief of the author that this furnace will be used to a 
considerable extent in refuse burning, where efficiency and capacity 
are of importance. 

Another high-efficiency furnace developed by the Babcock & 
Wilcox Company is known as the “hearth” furnace, and is illus- 
trated in Figs. 4 and 5. As shown, these furnaces are fitted with 
special combustion chambers and mechanical oil burners for supple- 
menting hog fuel with oil. 

This furnace construc- 





wood waste at this plant 
runs from 55 to 60 per 
cent moisture and the 


tion requires forced-draft 
fans and ducts and does 





results obtained from the 
furnace tried out indi- 
sated its worth for burn- 
ing high-moisture-con- 
tent fuel. The paper 
company at that time 
was installing a new 
boiler plant with 500-hp. 
units, and one of these 
boilers was fitted with 
the new type of furnace. 
Six months’ operation 
showed sufficient savings 
from the use of this fur- 
nace design to warrant 


not use any grates. The 
slag which accumulates 
can be drawn off the 
bottom of the furnace 
through the clean-out 
door provided. 

With the “hearth” 
furnace favorable CO, 
percentages and _ effici- 
encies can be obtained. 
It offers some advantages 
over the step grate fur- 
nace in that there are no 
grates to maintain. 

Many attempts have 
been made to burn hog 
fuel on mechanical 














installing it on two ad- 








ditional boilers. Fig. 2 |- 
shows one of these fur- : 3 











stokers. The logical 
stoker for this purpose 








naces now used at a 
papermill plant and fitted in 2 
with standard grate bars 

set at an angle with the horizontal of approximately 45 deg. 

Fig. 3 shows an inclined furnace with step grates installed under 
the other boiler of the battery. 

Recently two boilers fitted with these furnaces were put into suc- 
cessful operation at the plant of the Mountain States Power Co. 
at North Bend, Oregon. These furnaces have certain advantages 
over the flat grates. 

The fuel is fed across the entire face of furnace and drops down 
over the grate area in a blanket of more or less uniform thickness. 
The ordinary method of burning fuel in conical piles on flat hori- 
zontal grates means that the central portion of the fire is too thick 
and the outside edges too thin for the most economical results. 
It also makes necessary the supplying of most of the air required 
for combustion by the overdraft method, due to the greater por- 
tion of the fuel on the grates being burned on the surface of the cone. 
In the step-grate furnace the upper portion of the fuel bed forms a 
distillation zone in which the volatiles and moisture content are 
rapidly driven off. The lower portion of the fuel bed is a mass of 
incandescent carbon through which the air is readily drawn, due to 
its open or porous nature. The process of combustion approxi- 
mately consists of the uniting of air with the incandescent carbon 
to form the dioxide, which in turn, in passing through the remain- 
ing portion of the fuel bed, takes up carbon, to be reconverted into 
the monoxide. Secondary air is admitted through tuyeres in the 
bridgewall and unites with the monoxide gas as it leaves the in- 
candescent fuel bed to be reconverted to the dioxide. This secondary 
air also unites with the volatile gases driven from the upper portion 
of the fuel bed and the furnace becomes in effect a combination of a 
gas producer and a gas-burning retort. The drop nose on the in- 
board end of furnace deflects these burning gases downward, 


Strep-GRATE FURNACE 


would be the traveling or 
chain grate. There are 
two difficulties that de- 
velop in practice in connection with such experiments. The shreds 
and sticks that are ever present in hog fuel interfere with uniform 
feeding of the fuel from the stoker hopper on to the traveling grate. 
The lack of uniformity in compactness with which the fuel lodges on 
the grate, as well as variation in its thickness, allows blowholes to 
develop through the fuel bed as soon as the fuel loses its volatile con- 
tent. Such blowholes are responsible for excess air and low carbon 
dioxide content of the flue gases. Experiments tried with stokers 
of the underfeed type have also developed mechanical difficulties 
in the feeding of the fuel, due to shreds and scicks. The under- 
feed stokers carry a heavier fuel bed than would aormally be present 
on the chain-grate stoker, and therefore there is less tendency to 
burn out holes in the thin portion of the fire. 

The step-grate furnace, as earlier described, is an approximation 
to the overfeed stoker, depending entirely upon gravity and without 
agitation. Experiments have been made with agitation of fuel 
bed, without improvement in results, and the dry, partially con- 
sumed cinders, if agitated, have a tendency to lift from the grates. 

Brickwork DIFFICULTIES 

With wood refuse containing from 40 to 50 per cent of moisture 
there is little difficulty to be expected with brickwork attributive 
entirely to high temperatures, as the high moisture content pre- 
cludes the possibility of obtaining excessive temperatures with 
this fuel. The author has made many temperature observations 
in various plants throughout the Northwest by means of an optical 
pyrometer, and seldom is 2300 deg. exceeded. The furnace tem- 
peratures are usually below 2000 deg., and frequently observations 
have shown as low as 1600 deg. Where mixed fuel is used or fuel 
entirely from dry kilns, slightly higher temperatures are obtained, 











~ 


_ — mee, | 














JuLy, 1925 


but in none of the cases observed have temperatures been indicated 
that would cause undue deterioration to the refractories available 
in this territory. However, there are kindred difficulties that de- 
velop, due to the fluxing of the refractories by the chemical effect of 
the ash contents and the gases given off in combustion of wood 
refuse. Many of the sawmills receive their logs after they have 
been in salt water. The wood absorbs varying percentages of 
moisture from the water in which it lies for indefinite periods of 
time, and the salt in the wood refuse (much of the wood refuse is 
from exterior portions of the log) causes a salt glazing or fluxing of 
the exposed surface of the firebrick. In addition to this, there is 
always present more or less lime in the ash. This comes in part 
from stones and shells put into the furnace with the bark. If a 
log has become teredo-eaten, this adds materially to the lime con- 
tent of the wood refuse, as each teredo bore contains a small lining 
of calcium carbonate, which is calcined in the furnace. Analysis of 
ash has shown as high as 58 per cent calcium oxide. There have 








StopinG-GrRaTE FURNACE WITH STANDARD GRATE Bars 


Fig. 2 


been very few analyses with which the author is familiar that 
have not shown a material percentage of iron oxide. Calcium and 
iron are both violent fluxes to fireclay brick made of normal mix- 
ture of oxides of aluminum and silicon. It is the combination of 
the chemical action of these fluxes and a medium temperature that 
produces the glazing and running of the furnace linings. The 
furnaces as a whole do not deteriorate by abrasion, but there is 
usually some abrasive effect along the side walls and also around 
the feed hole through which fuel is admitted to the furnace. This 
calls for frequent local repairs. 

With the comparatively low temperatures obtained, spalling in 
wood-refuse furnaces is not marked, and the brickwork difficulties 
can in general be largely attributed to the chemical or fluxing action 
of the constituents of the ash. 


DEPRECIATION OF FUEL IN STORAGE 


It is difficult to obtain accurate information regarding the 
depreciating effect of outside storage on hog fuel. With the wetting 
down from rains there is additional shrinkage due to settling. 
This may run from 10 to 35 per cent. The results obtained with 
fuel that has been stored out of doors less than six months cor- 
respond very closely per unit of volume with those obtained from 
fuel as it comes fresh from the mill. In other words, the deprecia- 
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tion is more or less equalized by the shrinkage in volume due to the 
fuel compacting in storage. As the fuel user is interested solely 
in the depreciation in heat value of the purchased product and not 
in its value per unit of measurement after storage, it is necessary 
to assume that fuel which has been placed in storage will be of de- 
preciated value and that this depreciation may vary between 10 
and 35 per cent. It has been claimed that little further deprecia- 
tion occurs after the first six months of storage. The loss in fuel 
value is undoubtedly occasioned by loss of volatiles. There is 
evidence of fermentation going on in fuel piles, and when sorted fuel 
is passed through a fuel house the alcoholic odor from such fer- 
mentation is quite marked. 


Future Fue. PREPARATION 


The predrying of fuel with waste gases has been investigated with 
the idea that by thus disposing of the high moisture content before 
passing fuel to the furnace there would be more heat units available 
for steam production. Experiments bear out theory, however, in 
that there is an attendant loss of combustible volatiles with any 
rapid drying. No practicable means of handling this bulky product 
except the drying system has been developed, and until the value 
of the fuel has increased considerably it is doubtful whether any 
attempt will be made to predry the fuel commercially. 

There have recently been a number of independent investigations 
made to determine the feasibility of destructive distillation of wood 
refuse and the extraction of by-products. In such an installation 
the recovered gas would be burned for the production of steam, and 
the charcoal, turpentine, and tars sold as by-products. The char- 
coal is fragile and finely divided and has a limited market. The 
wood tars can be further broken down into tar derivatives. The 
quantity of turpentine in woods of the Northwest is limited. 
Prospectuses have shown that it is entirely commercially feasible 
to consume wood waste profitably through destructive distillation 
and by-products plants, provided a market for the gas and char- 
coal exists. It is only a question of time before such commercial 
installations will be made. The capital investment will be such as 
to preclude such plants superseding existing steam plants for the 
general utilization of wood-waste products. 

For the benefit of those interested in further study of this subject, 
the following bibliography is given. 

Economic Combustion of Waste Fuels, David Moffat Myers. Technical 
Paper 279, Bureau of Mines. 

Sawmill Refuse, Powdered Coal and Oil Fuels, Darrah Corbet. Trans., 
A.LE.E. August, 1920. 

Bagasse Drying, E. W. Kerr. Bulletin 128, Louisiana State University. 

Tests of Boilers with Bagasse as Fuel, E. W. Kerr. Bulletin 160, Louisiana 
State University. 

Fuel Value of Wood, H. S. Stetts and Ernest Bateman. U.S. Department 
of Agriculture. 

Report of N. E. L. A. Prime Movers Committee, 1921. 

Principles of Combustion, A. D. Pratt. Published by Babcock & Wilcox 
Co. 

Steam, Its Generation and Use. Published by Babcock & Wilcox Co. 


Boiler-Room Operation of Wood-Refuse- 
Fired Steam Plants 
By CLAIRE C. SIMERAL,! PORTLAND, ORE. 


HERE are certain operating fundamentals relative to heat 

balance, feedwater treatment and control, supervision, ete. 
common to all boiler plants regardless of the kind of fuel used, upon 
which the author will not endeavor to touch. The subjects covered 
deal directly with successful methods applied particularly to boiler 
plants using hog fuel, such as regulation of the fuel supply to the 
furnace, air and draft control, cinder elimination, clinker formation, 
and apparatus for handling the fuel, together with some data rela- 
tive to the economic value and volume of hog fuel produced in 
the vicinity of Portland, Oregon. 

The quality of hog fuel, both in consistency and moisture con- 
tent, varies over a wide range, requiring that constant attention 
be given to the regulation of the fuel supply in the furnace, as dif- 
ferent grades of fuel require changes in the volume of fuel carried 





1 Asst. Supt. Steam Power Plants, Portland Electric Power Co. Assoc- 
Mem. A.S.M.E. 
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in the furnace. With very coarse fuel, containing a large amount 
of long sticks and bark, it is necessary to maintain the fuel bed at 
a higher level than when the fuel is properly hogged, since the 
sticks and bark will not “avalanche” or flow to cover the grates 
as readily as the well-ground fuel, consequently a higher fuel bed 
must be maintained to insure that the grates are properly covered. 

With a decrease of the moisture content the volume of fuel in 
the furnace may be increased without making necessary an increase 
in draft to maintain a given boiler output. With the type of fur- 


nace shown in Fig. 6, the experience of the Portland Electric Power 


Co. has demonstrated the necessity of so locating the fuel holes that. 
the thickness of the fuel bed will be at least 18 in. at the bridgewall 
while at the front of the furnace the fuel will taper down to a 
“feather edge.’”’ The application of the above principles to the 
regulation of the amount of fuel in the furnaces tends to increase 
efficiency and capacity. 

Continuous fuel feeding, rather than intermittent feeding, also 
increases the efficiency and capacity of the furnace, since with the 
fuel supply regulated to conform with the rate of combustion, there 
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results more uniformity in furnace temperatures and draft conditions, 
and consequently better boiler output. The advantages realized 
make its use quite attractive as a matter of economy, due to the 
direct saving in operating labor and fuel and the indirect saving in 
furnace maintenance. 


AIR AND Drarr ContTrROL 


Hog fuel burns on the surface of the fuel bed in the furnace, 
which under certain conditions requires that a portion of the air 
for combustion be admitted at the front of the furnace above the 
grates. The amount of air admitted above the grates will vary 
from 0 to 20 per cent of the total air required for combustion, de- 
pending on the type of furnace and quality of fuel. The lower the 
moisture content of the fuel the higher the percentage of air ad 
mitted above the grates. The admission of air to the furnace above 
the grates at points other than the front of the furnaces does not 
give as satisfactory results for control of the combustion, and our 
experience has indicated that such procedure is detrimental to econ- 
omy and efficiency. 

Proper draft regulation is one of the prime factors in burning 
hog fuel successfully, as the draft must vary over a wide range to 
compensate for the rapid changes in the moisture content of the 
fuel as well as the varying depths of the fuel bed. The importance 
of this latter factor can readily be appreciated when it is realized 
that the draft resistance of the fuel bed will vary over three or four 
times the variation range usually encountered in a well-regulated 
stoker-fired coal-burning plant. Due to the necessity of properly 
meeting these draft conditions, automatic control of mechanical- 
draft equipment quite naturally is in position to play an important 
part in the efficient combustion of hog fuel. 

In the Station L of the Portland Electric Power Company steel- 
plate induced-draft fans are used, driven by Corliss engines. This 
arrangement permits of a very satisfactory and ingenious method 
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of automatic draft control, as shown in Fig. 7. A hydraulic-type 
pressure draft regulator is connected to the rocker arm of the fly- 
ball governor on the fan engine. The operation of the regulator 
controls, through the governor operating rods, the cut-off point of 
the inlet valves exactly as would be done by the governor itself. 
By this method the speed of the engine is entirely controlled by 
the hydraulic regulator, which in turn is actuated by the steam 
pressure at the throttle valve of the main generating units. The 
application of this one regulator, which controls the draft for one- 
third of the boilers in. the station, increased the capacity of the 
boiler plant 10 per cent under base-load conditions and about 25 
per cent for emergency calls. 

Natural and induced draft are used in this station. Forced 
draft has been tried out, but so far without any successful results. 


CINDER ELIMINATION 


Elimination of the cinders from the flue gases discharged from 
hog-fuel plants is required in some localities, especially where these 
plants are located within the corporate limits of municipalities. 
Both “cindervane” fans and “cyclone” dust precipitators are used 
for this purpose, the dust precipitators having proven more effective 
and reliable to date. Disposal of the soot and cinders is accom- 
plished by sluicing them to the ash dump. Conveying them back 
to the furnace would naturally seem the proper procedure, but with 
the large amount of ash collected with the soot and cinders, rapid 
formation of clinkers on the grates results, which more than offsets 
the advantage of reclaiming the available B.t.u. in the cinders. 
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CLINKER FORMATION 


Clinker formation on the grates depends to a large extent on the 
amount of sand and silt that finds its way to the furnace from the 
bark on the logs. Consequently the nature of the soil formation 
where the logs are procured as well as the method of transporting 
the logs has a direct bearing on the clinkers formed on the grates. 
The sand and silt unite with the wood ash and fuse to the grate 
bars. If the clinker is not immediately removed it forms a solid 
mass over every portion of the grate surface. The grates used in 
the plants of the Portland Electric Power Company are of the com- 
mon rib bar type with °/s-in. air openings, and they must be thor- 
oughly cleaned after the consumption of one unit of fuel per square 
foot of grate surface. 

Several types of coal stokers have been tried out with hog fuel, 
but to date none of these have proven satisfactory on account of the 
excessive maintenance costs and the extreme fluctuations in the 
rate of combustion procured. 

Fue, HANDLING 

The means for transporting the fuel from the point of production 
to the boiler plant depend on the relative location of one to the 
other. Conveyors are used for comparatively short hauls and water 


and rail transportation for long hauls, the first two methods men- 
tioned being the most economical. 


MECHANICAL ENGINEERING 


551 


Fig. 8 shows the conveyor arrangement used at Station L for 
loading barges. It should be noted that the short conveyor ex- 
tending over the barge can be moved horizontally, which provides 
an equal distribution of the fuel across the barge, which is shifted 
parallel to the dock for distributing the fuel along its length. This 
particular equipment is capable of handling sixty units of fuel per 
hour. Removal of the fuel from the barge is accomplished with 
the conventional stiff-leg-derrick hoisting engine and clamshell 
bucket. Specially shaped teeth are bolted to the lower lips of the 
clamshell, which materially increases its capacity for picking up 
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RAKE USED FOR STORING AND RECLAIMING HoG FuEL 


Fig. 9 


and carrying the fuel. The average rate for unloading barges with 
a 2'/.-yd. bucket is about 30 units of fuel per hour. The fuel carrvy- 
ing capacity of barges in use in this district varies from 100 to 250 
units. 

Fig. 9 shows the type of scraper or rake used for storing and re- 
claiming the fuel. This rake is operated with a two-drum steam- 
or electric-driven hoist by the use of various blocks and cables. 
It is designed to permit adjustment of the angle of the teeth rela- 
tive to the tongue, which permits the use of the rake in any quality 
of fuel as well as up or down grade without becoming blocked. 
Raking the fresh fuel on to the storage pile requires considerably 
less effort than the reclaiming of the stored fuel, due to the fuel in 
storage settling and packing quite solidly after it has been stored 
a short time. The rake shown is 10 ft. wide and will handle 60 
units of fuel over a distance of about 200 ft., when operated with a 
hoist driven by a 100-hp. variable-speed motor. 


Economic VALUE AND VOLUME OF PRODUCTION 


Some of the methods or operations involved in the handling of 
this fuel may appear quite costly, but when one stops to consider 
that this fuel is a by-product of the lumber industry and that very 
few industrial wastes, without undergoing some intermediate 
manipulation, assume the economic value possessed by hog fuel, 
these apparent costs easily seem to be warranted. 
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The production of hog fuel in the Portland district during the 
year 1925 will amount to approximately one million units, three- 
fourths of which is economically available for power generation in 
the city of Portland. The largest consumers of hog fuel in this 
district are, the Portland Electric Power Company, Northwestern 
Electric Company, Crown Willamette Paper Company, Port of 
Portland, Swift and Company, Pacific Power and Light Company, 
U. 8. Engineers, and the Portland Woolen Mills, their estimated 
requirements for the year 1925 ranging from 200,000 units to 1000 
units in the order named. 

In closing the author desires to call attention to the heat-balance 
data shown in Table 5 and to state that he would like to hear dis- 
cussion relative to the possibility of economically reducing some of 
the losses indicated. He also wishes to call attention to the lack 
of authentic laboratory procedure for making analyses of the fuel 
and would like to suggest that some action be taken by the Society 
in establishing standards for conducting laboratory tests. 


TABLE5 HEAT BALANCE, STATION L, PORTLAND ELECTRIC POWER 


COMPANY 

P ercentage of rated capacity. 49.2 104 150 202 260 298 
\, 3) eae — 24 22 23 25 26 27 
Efficiency ‘based on fuel as 

Gred, per cemt......ccece. 65.0 65.6 64.6 63.0 62.9 58.1 
Efficiency based on ‘dry fuel, : 

Oi ois sive cece 58.7 58.2 8.0 56.9 6.7 52.6 
Loss due to heat carried 

away in the dry flue gases, 

OS SE ee rn 8.5 10.1 11.3 12.7 13.5 16.5 
Loss due to ev: apori ation of 

moisture in fuel, per cent 10.1 11.5 a.3 10.7 10.7 10.7 


Loss due to heat carried 

away by steam formed by 

the burning of hydrogen, 

per cent.. mama bee sae 7.6 7.8 7.9 8.3 8.5 8.9 
Loss due to ‘unconsumed hy- 

drogen and hydrocarbons 

and unaccounted for, per 








the sdeataueaces en es 5.7 5.6 5.2 6.4 5.9 6.2 
Loss due to radiation, per 
cent. nes 8.3 6.0 5.4 4.0 3.1 2.5 
Loss due to heating moisture 
i OE, POT COME... oe cccces 0.3 0.2 0.5 0.8 1.2 ..¢ 
Loss due to carbon monox- 
Pe ON cw ccecsece 0.8 0.6 0.6 0.2 0.4 0.9 
Tete, Per Cent. 26.0080 100.0 100.0 100.0 100.0 100.0 100.0 
Moisture content, per cent... 41.8 45.0 43.8 41.9 41.1 40.3 
Heating value of 1 lb. dry 
fuel, B.t.u... 8890 8798 8971 8751 8675 8557 
Heating value of 1 Ib. of fuel 
RS eee 4669 4288 4519 4587 4612 4630 
Flue temperature, deg. fahr.. 465 471 525 560 595 660 


Settings for Hog-Fuel-Burning Boilers 
By C. L. YOUNG,! PORTLAND, ORE. 


N THE Pacific Northwest where the lumber industry is pre- 

eminent, it follows that the utilization of mill waste is an im- 
portant economic factor. The only commercial utilization of this 
waste to date has been its employment as a fuel. Not only are 
the mills burning this waste in boilers to produce the power required 
for their own operations, but many public utilities, on account of 
its low cost, have taken up its use for the production of steam in 
their central stations. 

This mill waste in the form in which it is burned under boilers is 
known as “hog fuel,’”’ by which is meant the wood chips produced by 
putting slab wood through a machine known as the “hog.” Ina 
general sense, however, the term includes sawdust, planer dust, 
and shavings. 

From its wide use as a fuel in the lumber regions the problem of 
hog-fuel combustion has assumed large proportions. That the 
problem has been approached more from the practical side than 
from the scientific angle is characteristic of the sawmill industry. 
However, through a long period of experimentation carried on by 
the sawmill operators a type of setting has been arrived at which 
will deliver high ratings with the accompaniment of little smoke 
or cinders. 

Hog fuel is a very bulky and low-grade fuel. Consequently the 
extended furnace or Dutch-oven type of setting has been developed 
to provide sufficient grate area and furnace volume for burning 
it. The grate area for purposes of design, is generally figured at from 
2.5 to 5 rated boiler hp. per sq. ft. of grate, the ratio depending 
on the character of the fuel. 

Fig. 10 shows a hog-fuel setting applied to a 750-hp. Kidwell 
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water-tube boiler. The grate ratio here is 1 to 2.7. This is made 
large on account of fuel being very wet redwood containing about 
60 per cent moisture. There isa party wall which divides the Dutch 
oven into two parts each 8 ft. 9 in. wide. This gives additional 
reflected heat into the fuel bed. This is considered good practice 
by many where the boiler is very wide. It will be noted that there 
is a 2-ft. drop to the nose of the flat arch. This drop is being used 
very extensively. In this setting it serves a twofold purpose: 

) It deflects the gases downward, thus utilizing the lower portion 
of combustion chamber, and (2) breaks up and ignites the gases 
thrown in contact with it. The bridgewall is forward of the nose 
of arch. This relationship has been devised to permit the gases 
to be deflected downward. 

The Dutch oven proper, or the portion of the setting ahead of 
the bridgewall, may be considered as a retort for the destructive 
































Fie. 11 Setrine ror STirRuinG BorLer 


distillation of the wood. The volume over the grates is not suffi- 
cient to permit complete combustion, and it is here that the com- 
bustible gases are driven off the fuel. It follows, then, that beyond 
the bridgewall a combustion space must be provided for the burning 
of these gases and also such solids as are carried over by the draft. 
Secondary air is usually provided in the combustion chamber in 
order to complete combustion. In Fig. 10 a hollow bridgewall 
is shown for this purpose. Air ducts at about 12-in. centers emit 
air to the combustion space normal to the gas stream, the idea 
being that this air jetted into the gas stream will properly diffuse 
with the gases. In this setting a very long flame travel has been 
obtained, thus insuring complete combustion before gases strike 
the heating surface of the boiler. 

Fig. 11 shows the setting for a 450-hp. Stirling-type water-tube 
boiler. The grate ratio here is 1 to 3.1. The Dutch-oven con- 
struction is the same as in Fig. 10. This boiler is equipped with a 
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flat arch under the mud drum and oil burners in the rear wall. 
Wet hemlock chips mixed with a little planer dust and shavings is 
the fuel used. 

Fig. 12 shows the setting of a 643-hp. Erie City vertical water- 
tube boiler. The grate ratio here is 1 to 5.3. <A second arch is 
placed above the Dutch oven in order to provide combustion space 
in front of the tubes. The boiler is set too low for the setting to 
be of the best. 
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Fig. 12 Sprrine For Erie Crty VERTICAL BoILer 
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Fie. 13° Serring For Wickes VERTICAL BOILER 

Fig. 13 shows the setting of a 300-hp. Wickes vertical water- 
tube boiler. The design is similar to that of Fig.12. The practice 
in the past on vertical water-tube boilers has been to bring a straight 
arch up to within about 12 in. of the tubes. This permitted of 
little combustion space and the gases were projected against the 
tubes unburned, resulting in poor steaming and a very dirty stack. 
The settings shown in Figs. 12 and 13 have very successfully re- 
versed these results. 
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In Fig. 12 the absence of grates will be noted. The arrangement 
as shown is known as the A. I. Thomas grateless furnace. Air 
ducts are built in solid masonry with cast-iron air nozzles setting in 
cast-iron flange bases spanning the air ducts. These air ducts 
are covered with a brick floor into which the bases are built. The 
nozzles fit into the bases with a taper fit, so that when one burns 
out another can readily be fitted in. The air is forced into these 


air ducts from a fan, so an air feed through the bed of fuel is insured, 
since with natural draft and open stokeholes this result is not often 
obtained. 











Fic. 14 SerrinG For HorizonTaAt-ReTUuRN TuBULAR BoILeR 

Fig. 14 shows an ideal setting for a 72-in. by 18-ft. horizontal- 
return tubular boiler. The secondary air grate as shown burns up 
such solids as blow over the bridgewall. 


Hog-Fuel Conveyors 
By A. C. SULLIVAN,! PORTLAND, ORE. 


He FUEL is one of the by-products of the lumber industry. 

It has been used perhaps more widely than any other so-called 
‘waste product,” and while the profit involved in the sale or use 
of this fuel to the lumber manufacturer is not great, still it is suffi- 
cient to warrant a more universal use than at present exists. Due 
to its great bulk and light weight in comparison with its low heating 
value, the problem of handling and transporting this fuel bears a 
very important part in the economy of its use. 

Waste in the form of slabs, edgings, etc. is made into chips by 
putting such pieces through a machine commonly called a “hog.” 
The quality of fuel delivered by these machines influences the cost 
and method of conveying. 

The source of supply is of course the sawmill. For its own power 
the chips are carried usually directly from the hogging machine to 
the boilers or storage reserve by means of conveyors. 

For power plants remote from the sawmill, hog chips are usually 
delivered from the sawmill conveyors by barges, although sometimes 
by dump-bottom railroad cars—usually of special design, by trucks, 
or, if the power plant be not too remote, by conveyor. 

For convenience in arriving at requirements hog fuel is spoken 
of, handled, and figured in “units,” a unit consisting of 200 cu. ft., 
this quantity being approximately the amount of chips resulting 
from hogging one cord or 128 cu. ft. of slab or cordwood. 

Types or CoNVEYORS 

Several types of conveyors lend themselves very readily to the 
conveying of hog fuel. The following types all have their peculiar 
advantages and disadvantages, but each has its place dependent 
upon conditions surrounding the particular problem in hand. 

Belt Conveyor. Where several hundred units per day are to be 
conveyed over long conveyor lengths, say, of 500 ft. or more, the 
belt conveyor is undoubtedly the best type for the purpose. More 
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material can be delivered with this type per horsepower than that 
of any other. The principal objection to this type for hog-fuel use 
is its high first cost. It cannot be used satisfactorily for fuel- 
conveying purposes other than delivery at one point, as trippers 
do not work well with hog fuel and fuel cannot readily be discharged 
or distributed from the belt conveyor along its length. This is 
due to the non-uniform and stringy characteristics of the fuel. 
Dependent on the quality of belt used, a belt conveyor should last 
for five or six years. 

Wire-Rope Conveyor. The wire-rope or Jeffrey type of conveyor 
can be used quite successfully for the same purposes as the belt 
type. It cannot be operated at as high speeds, however, and has 
not as high a carrying capacity. The horsepower rate per unit 
carried is higher than that of the belt conveyor. It has an advan- 
tage over the belt type in that fuel may be distributed through 
openings along the length of the conveyor trough for storage pur- 
poses. Its first cost, in general, is considerably less than that of 
the belt conveyor. It has one rather serious disadvantage: the 
scraper or carrier cleats are difficult to fasten permanently to the 
wire rope. They frequently slip from place and out of pitch with 
the gap sheave or sprocket, thus causing serious delays for adjust- 
ment and repair. With proper care a cable conveyor should give 
good service for three years without cable replacement. 

Round-Link Conveyor. The round-link wrought-iron or steel 
conveyor chain with carrier cleats is quite popular. Its strength, 
low initial cost, and fairly high carrying capacity have made its use 
universal. It can be used quite satisfactorily up to conveyor lengths 
of 350 ft. Fuel can be distributed for storage along the length of 
the conveyor through openings in the conveyor trough. The 
amount of fuel carried per horsepower is less than that of belt or 
Jeffrey type. 

This type of conveyor has one troublesome objection. The area 
of wearing surface of one link on another is practically nil when the 
chain is new. The chain wears rather rapidly, causing an increase 
in pitch of the links. If this increase were uniform this annoying 
feature could rather easily be remedied, but unfortunately this is 
rarely the case and as a consequence poor sprocket action causes 
considerable trouble and a short life of the chain. In some cases 
a great deal of the trouble above referred to is caused by the selec- 
tion of a chain too light for the service. The average life of a con- 
veyor of this type is between two and three years. 

Box-Link Conveyor. The box-link style of chain is used almost 
entirely in sawmills and sawmill power plants and is quite satis- 
factory for lengths of conveyors up to 250 ft. The power rate per 
unit of fuel carried is the highest of all the various types here con- 
sidered. This is due to the friction load, as conveyors of this type 
are heavier per foot of chain length than any other and the fuel 
load added makes the total rather high. This does not seriously 
handicap the use of conveyors of this type as power in a sawmill is 
usually considered by the sawmill operator to be cheap. 

Some years ago the steel box link was superior to the malleable- 
iron chain. At the present time, however, with the ultimate 
strength of malleable running from 50,000 to even 60,000 Ib., the 
steel chain is inferior to the malleable, especially so since the steel 
box link has very little bearing or wearing surface on the pins or 
rivets. 

The box-link-chain conveyor works fairly well when distribution 
is desired along its length. If very coarse or stringy fuel is being 
handled it does not work well since the fuel has to drop through 
the links, and chain construction limits the link pitch to a maximum 
of 8 in. and a width of 16 in. 

The steel box-link chain should wear from two to three years 
without serious trouble. With proper selection the malleable chain 
should last from four to six years. There are installations of record 
that have seen twelve hours per day operation which have been 
running ten to twelve years and still are in operation. 

Scraper-Type Conveyor. The scraper type of conveyor is prob- 
ably the best for all purposes in handling hog fuel. It can be 
made up in many ways, but the most satisfactory one is perhaps 
to use a 4-in. to 6-in.-pitch steel roller chain in two strands with 
scraper blades carried between them at intervals of 18 to 30 in. 
The carrying capacity of this conveyor is high per horsepower and 
ranks next to that of the belt conveyor. Its initial cost is less than 
that of the belt conveyor, and it can be used in conveyor lengths up 
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to 500 ft. Distribution along its length can be more satisfactorily 
obtained than with any other type. Its life on a 24-hour-operation 
basis should run from six to eight years without serious trouble or 
expense. 

The power required for a conveyor of any type varies from that 
of a conveyor handling other material only in so far as the weight 
and characteristics of hog fuel vary from the weight and char- 
acteristics of, say, coal. There is, of course, very little gritty or 
other abrasive matter in hog fuel. 


CONSTRUCTION DETAILS 


The conveyor trough and its construction should receive very 
careful attention. Several forms of construction are in use, all- 
wood, wood with sheet steel lining, all-steel construction, and com- 
posite cast iron and steel. 

An all-wood construction with a hardwood bottom such as oak or 
iron bark and with fir sides well framed and bolted, makes a good 
trough where the work is light. Such a trough is inexpensive and 
wears well. 

Most of the hog-fuel conveyors located in sawmills are of wood, 
well framed and jointed, with steel bottom lining, and in some cases 
side lining. Unless the lining is heavy it breaks loose from the 
bolts securing it, or the bolts get loose, thus catching on the cleats, 
chain, or scraper blades, causing breakage and consequent discon- 
tinuity of service and expense. Where steel lining is used in wood 
conveyors too much care cannot be taken to insure that the bolts 
or lining will not get loose. 

Where large quantities of fuel are to be handled, all-steel construc- 
tion should if possible be used. The first cost is of course much 
higher than wood or wood steel-lined, but the results obtained, 
if continuity of service is of value, make it in most cases the cheap- 
est in the long run. 

Probably the very best construction is a combination of steel 
and cast iron. The general construction does not vary materially 
from all-steel construction. The bottom and lower sides are made 
of cast iron, the upper and supporting portions of steel. This 
construction permits of much longer wear to both chain and con- 
veyor trough. It minimizes the liability to breakage or discontin- 
uity of service on account of loose protection bolts, rivets, or stee! 
lining. If distribution openings are required, a much neater and 
foolproof-opening construction can be obtained. A_ cast-iron- 
bottom conveyor will last as long as the plant, and while highest in 
first cost it is doubtless the cheapest in the end. 

In cross-section the conveyor trough is usually rectangular, th« 
depth being approximately 0.7 of the width. Some engineers prefer 
a trapezoidal or pan cross-sectional form, the width at the top being 
greater than the bottom, the depth being 0.7 of the bottom width, 
and the sides being inclined from 15 to 30 deg. with the bottom 
They claim greater carrying capacity for this form, but so far as 
can be learned this has never been supported by figures showing 
actual proof. 

If chains are used in hog-fuel conveyors thei maximum working 
strength should be approximately one-seventh of the ultimate 
strength. It is considered poor practice to operate chain conveyor- 
very much in excess of 150 ft. per min. 

Due to the non-uniformity of the material handled, care should 
be taken to obtain a clean discharge of one conveyor into another. 
Chips and stringy pieces of wood have a most uncanny faculty of 
hanging on to belts, chain, cleats, and scraper blades and getting 
into the driving machinery, causing serious trouble and annoyance. 
It is almost impossible at times to figure out how seemingly per- 
fect and foolproof conveyors or conveyor systems can go wrong, 
but they do. 

For driving conveyors electric motors, preferably of the induc- 
tion type, direct connected to a reducing gear are the most desir- 
able. A chain drive from the reduction unit to the conveyor drive- 
shaft makes the drive more flexible, as conveyor speeds may le 
readily changed should the conveyor be found running too fast or 
too slow. 

In designing hog-fuel conveyors no set rules can be laid down. 
The system should be designed after careful study of the various 
factors entering into the problem. Generally speaking, two or 
possibly all the various types touched on here may be used in the 
system. 
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Evolution in Machine-Shop Practice 


Standardization of Fits and Tolerances and of Screw Threads 


By EARLE BUCKINGHAM,! HARTFORD, CONN. 


LTHOUGH we may not fully realize it, at the present time 
A machine-shop practice is in the midst of a very remarkable 

and radical evolution. The march of events in this line has 
been so rapid that today we have the unusual opportunity of study- 
ing the course of this development in almost all of its stages. 

Only a few years ago, every one who worked in a machine-shop 
was a machinist. He could operate any of the machines, and 
also do all necessary bench work. Once he got the idea of what was 
wanted, he could go ahead and produce it. All details of sizes, 
fits, and most of the general design could be safely left to his judg- 
ment. Several years were spent in training the new workers. 
Many rule-of-thumb practices were followed and many secrets, 
such as hardening or quenching mediums, cutting compounds, 
and browning or bluing solutions, were revealed only to a chosen 
few. This is what we may call the “old order.” 

In a modern production plant conditions are different. Instead 
of machinists, we find it filled with machine operators—lathe hands, 
milling-machine operators, drill-press hands, screw-machine oper- 
ators, punch-press operators, set-up men, ete. Each workman 
specializes on some particular operation. The initial training he 
receives varies in length from a few days to a few months. The 
information given to him must be complete in every detail, and in 
addition, steps must be taken to keep a close check on all he pro- 
duces. This is what we may call the ‘‘new order.” 

It should be evident that the kind of information required in 
the one type of shop is entirely different from that required in the 
other. It should also be evident that if the knowledge and ex- 
perience that the work requires are not brought to it by the work- 
man, they must be furnished by some one else. This last considera- 
tion is responsible for much of the standardization in mechanical 
parts and constructions, although of course the main reason for it 
lies in the economy made possible through mass production. 

Standardization, in machine-shop practice, in its broadest aspect 
is a codification of various similar practices into one common prac- 
tice for the benefit of all. It is also the pooling of information and 
experience to meet the needs of the growing age of specialization. 
To every problem there is usually more than one good solution. 
If several are equally good, it imposes no hardship on any one for all 
to concentrate on one of them as standard in order to obtain the 
benefits of uniformity. Because one solution has been adopted as 
standard, does not necessarily mean that others which have not been 
chosen are wrong. Usually it means that after a careful survey the 
one selected has been chosen because it is used by the majority and 
therefore has the greatest chance of universal acceptance. If this 
fact is kept in mind, it will answer a large number of the objections 
which are brought forward against the acceptance of many new 
standards. 

Let us take as an example the recent report of the Sectional Com- 
mittee on the Standardization of Plain Limit Gages dealing with 
tolerances and allowances for machined fits. It starts off with def- 
initions of terms. For example, if you wish a running fit, you must 
provide space between the mating parts for an oil film and to in- 
sure that they will operate freely. If you desire a force fit, you must 
make the size of the shaft larger than the size of its mating hole. 
These intentional differences in the sizes of mating parts are called 
“allowances.” 

Unfortunately, very few of us can actually make parts to an ab- 
solute size. Or to put it another way, very few of us can make two 
similar parts with absolutely identical sizes. In actual practice 
we have, therefore, a variation in size to contend with. The 
permissible amount of such variation is defined as the “toler- 
ance.’”’ 

The definitions are followed by a selected classification of fits, 
eight in number, varying from a loose fit to a heavy force and 
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shrink fit. This is followed by tables of standard allowances and 
tolerances for each of the selected fits. 

The report is based on the practice of always having the smallest 
permissible hole of constant size regardless of the class of fit re- 
quired. If it is to be a loose fit, the shaft member is made smaller; 
if a force fit, the shaft is made larger. The tolerance on the hole is 
plus only, while that on the shaft is minus only. This is known as 
the “‘basic-hole practice,’ using, in this case, the unilateral (or one- 
way) system of tolerances. 

Although it is possible to secure the desired class of fit by making 
the size of either of the two mating parts larger or smaller as re- 
quired, without regard to uniformity of practice, for a general en- 
gineering standard other factors than its mere ability to operate 
must be considered. First, the standard must represent some one 
good practice. Second, the practice selected should be generally 
the most economical to maintain. Third, the practice selected 
should be, if possible, the one most widely used. Fourth, the prac- 
tice selected must be the one best suited to quantity production. 
Fifth, there should be some degree of consistency between similar 
standards to avoid unnecessary confusion. 

The committee report meets all of these five conditions. It is a 
selection of one out of several practices in use. It permits of the 
use of standard reamers and gages on all classes of fit. For larger 
sizes this factor is of less importance. There would be no object, 
however, in adopting one practice for one series of sizes, and a radi- 

ally different one for another series. A careful survey of the field 
indicated that the selected practice was the one most generally used. 

There is an important field which this standard does not cover. 
This is where such material as finish-drawn shafting ts used without 
machining, and a supplementary standard may be necessary to cover 
this condition. In this and similar cases it is necessary to vary the 
size of the hole to secure the class of fit desired. Although this 
field is large, it is far from being the largest, as many more shaft 
members are machined to suit standard holes than holes are 
made to suit finished shafting. 

Although this standardization is for, and based on the needs of, 
modern production conditions, plants which have not yet been 
forced into these methods can also benefit by their use. The 
practices recommended have been adopted after considerable study 
and research work. The smaller shops, or the larger shops of the 
old school, that find it possible to use such standards will often 
save themselves the expense and trouble of struggling through 
the same course of evolution that others have gone through before 
them. In addition, the demands of large-production plants for 
large quantities of standard tools result in economies which can 
benefit all plants. And finally, a reasonable amount of order and 
uniformity in the practices followed in any plant is always an asset. 

These standards are not compulsory. A successful standard 
must have sufficient merit in itself to secure general acceptance. 
When a standard is submitted to you, all that is asked is that you 
give it fair and impartial consideration. If this is not sufficient to 
secure your support, it means that either the standard is not all that 
it should be, or else that you have not yet reached the point where 
you need it, or see your need of it. 

Another important standard recently adopted is the screw-thread 
standard. This follows in general the same outline as that given 
for machined fits, but in addition treats of the thread form. This 
standard has been widely accepted by the large-production plants, 
and is receiving serious attention in many other quarters. 

The standard was based on actual manufacturing conditions. 
Each element of the thread form was considered individually and 
given the tolerances that the manufacturing conditions required. 
For example, it has always been common practice to use a larger 
tap drill than the theoretical tap-drill size, in order to make tapping 
easier and also to prevent interference on the root of the screw. 
On larger threaded holes, made in small quantities, where the thread 
was chased and not tapped, this practice was not always followed. 
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The conditions of chasing and tapping are different. Where taps 
are used, however, this practice is a necessary one. Therefore to 
be consistent, and also to meet the extreme cases, a clearance was 
provided at this point on all sizes by making the tap-drill size or 
bore oversize by a given amount. It is true that this practice de- 
stroys the basic form of the thread. This basic form, however, is 
but a starting point from which all departures are made. In actual 
practice it is extremely doubtful if a thread of exact basic form is 
ever produced. 

It is well to bear in mind that the formulation of a standard is but 
a relatively small part of the work of standardization. It corre- 
sponds to the designing and engineering work in the plant. We all 
know well that there is a long road between the completion of a 
part or mechanism on paper and its satisfactory completion in metal. 

The procedure of formulating general engineering standards is 
well organized. Committees for this work are organized with rep- 
resentation from three general groups—the manufacturers, the 
users, and the general public. No one group can have a majority 
on the committee. At the present time, however, this is the only 
part of the general program of engineering standardization that has 
been organized. One of the biggest problems in regard to this 
program that remains to be solved is that of transferring these paper 
standards into metal. 


Discussion 


VERY interesting and instructive discussion of the preceding 
paper contributed much to the success of the meeting held by 
the Metropolitan Section under the auspices of the Machine Shop 
Practice Division at the Downtown Club, Newark, N. J., on March 
25, 1925. 

The meeting was preceded by a dinner, which terminated in a 
round-table discussion among the thirty in attendance. Follow- 
ing this, the meeting was called to order by Samuel H. Libby, con- 
sulting engineer for the General Electric Co., and turned over to 
W. F. Dixon, chairman of the executive committee of the Machine 
Shop Practice Division, who introduced the speaker of the evening, 
Earle Buckingham, engineer, of the Pratt & Whitney Co. 

Following Mr. Buckingham, Chairman Dixon introduced R. A. 
Smith, of Smith & Serrell, Newark, who discussed the paper at some 
length and, mentioning various orders received by his firm for coup- 
lings, gave a concrete example of the present entire absence of stand- 
ardization in shafting and keyways. 

Following this, an animated and interesting discussion took place 
which was participated in by Messrs. J.C. Mattern, P. F. Nydegger, 
W. J. Peets, D. H. Chason, H. Schreck, H. J. Eberhardt, L. W. 
Williams, V. M. Frost, F. J. Schlink, and A. A. Adler. At the 
conclusion of the discussion, Chairman Dixon introduced a resolu- 
tion requesting the members of the various standardization com- 
mittees who were present to push forward the work in every way 
possible, as it was quite evident from the discussion that a very 
chaotic condition now existed regarding standards as applied to 
such products as shafting, keyways, etc. 

R. A. Smith,' who opened the discussion, said that Mr. Bucking- 
ham’s paper dealt very largely with the work of the committee, 
which, so far as he knew, had been based almost entirely on keeping 
the hole standard and in varying the shaft to get the desired fit. 
The class of work of which he spoke required the opposite standpoint 
from that taken by the committee as far as it had gone. In discuss- 
ing the paper he would refer to the bores actually required in boring 
flexible couplings, this same practice being required of the makers of 
gears, clutches, etc. basing his remarks on experience and a record 
of over 80,000 bores varying by almost every conceivable size from 
’/,in. to 18 in. In this work the bore had to fit the shaft because 
the shafts were almost invariably manufactured in quantity long 
before the bore and the corresponding fit were being considered. 
The shafts were those of electric motors, steam turbines, engines, 
pumps of all types, blowers, compressors, and other forms of direct- 
connected machinery. It was a fact not subject to controversy 
that the shaft ends on practically all such types of machines were 
made up to a standard practice of each individual manufacturer. 
These shaft ends were not subject to change, and therefore the 
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coupling, gear, or clutch must be made to fit it with whatever type 
of fit was desired. 

Unfortunately while each maker made his own shafts to a stand- 
ard, there was little agreement between the makers of the same type 
of apparatus. For example, the General Electric Co. would make 
a shaft 5.0035 in. and the Westinghouse Co. would make a similar 
shaft 5.000 in. Both of these companies would grind the shaft to 
a very close limit, usually between the size mentioned and 0.0005 
in. smaller. On the other hand, such a representative company as 
the De La Vergne Machine Co. would turn their shafts between the 
limits of exact nominal size and 0.002 in. smaller. No criticism 
of the practice of any of these companies was intended; the only 
point was that they might just as well get together and all do the 
same thing, or all be on the same side of the nominal dimension, 
and then it would eliminate the great variety of bores required from 
the manufacturer of the coupling, gear, or clutch. 

In order to present some concrete facts Mr. Smith had gone over 
several hundred bores recently required and tabulated them. 
These bores he had classified into fourteen groups, and the incon- 
sistency of this multitude of requirements was shown by the fact 
that on the same coupling two different styles of bores were often 
required. Even though only about 200 orders were analyzed, 
the listing would show that in many groups certain items called for 
a bore on the other end of the coupling belonging to a different 
group. 

Group 

No. Requirements Remarks 
Out of 8 items 4 called for 

a different bore on the 

other end 
Out of 6 items 2 called for 

a different bore on the 

other end 


1 Exact standard diameter'—no tolerance 


2 Standard diameter +0.000 
— 0.001 


3 Standard diameter +0.000 


— 0.002 
4 Standard diameter +0.001 Out of 4 items 2 called for 
— 0.000 a different bore on the 


other end 
5 Standard diameter +0.002 
— 0.000 
6 Standard diameter +0.001 Out of 3 items 1 called for 
a different bore on the 
other end 
7 Standard diameter +0.002 
8 Standard diameter—press fit or force fit Out of 7 items 1 called for 
a different bore on the 
other end 
Out of 4 items 1 called for 
a different bore on the 
other end 
Out of 4 items 2 called for 
a different bore on the 
other end 


9 Non-standard diameter—no tolerance 


10 Non-standard diameter +0.000 
— 0.001 


11 Non-standard diameter +0.001 
— 0.000 

Non-standard diameter +0.001 

Bore between certain limits 


_ 
© bo 


Often the difference b« 
tween the limits on one 
end will be, for ex- 
ample, 0.001 in., where- 
is on the other end it 
will be, for example, 
0.002 in. 

The single item in this 
group called for a dif- 
ferent bore on the other 
end of the coupling 


14 Pin gage—no tolerance 


——_ 


1 “Standard diameter” means by steps of !/64 in. 


The making of a variety of bores commercially, Mr. Smith said, 
required their boring in a turret lathe or boring mill, and it was 
not usually practical to grind the bores with such a great variation 
in size as required. The practical limit of accuracy even with very 
careful work was to bore within a tolerance of 0.001 in. When- 
ever any one asked for closer than this, the closer limit was refused 
and he was told that a tolerance of 0.001 in. was all that was guar- 
anteed. Whenever a bore was called for without a tolerance speci- 
fied, the following factory tolerances were automatically applied: 


Nominal Bore. Up to 1200 r.p.m. for medium and light duty where the 
nominal shaft diameter was given as 213/15 in., bore from 0.0005 in. to 
0.001 in. larger. Bore would be a sliding fit on the 2!%/ie-in. shaft and 
would require set screws. 
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Micrometer Bore (or bore to gage). Where specified for medium or 
heavy-duty work; also where it might be desired to install in field, bore 
from 0.000 in. to 0.001 in. less than (2.8125 in.) specified. Plug gage would 
not enter bore. A pin gage would enter bore and be a tight fit. Bore 
would be a snug fit or a light press fit on (2.8125 in.) shaft, depending upon 
smoothness of shaft turning at bore. Set screws optional. 

Press Fit. Bore from 0.0015 in. to 0.0025 in. less than micrometer size 
of shaft or gage (if gage was an exact measure of the shaft diameter) de- 
pending upon shaft size. No set screws. 


Mr. Smith said that he would like to see the adoption of some 
standard size of shaft according to which the various makers of di- 
rect-connected machinery would turn or grind the ends of their 
shafts. Such a procedure would reduce the number of gages re- 
quired and would very much simplify the problem of shaft and bore 
specification. It would not cost any more than the present prac- 
tice except for the small cost of changing the gages the first time over 
to the adopted standard. If the shafts were so standardized it 
would then be very much easier to do the same thing on bores of 
the coupling, gear, and clutch members. The bores would fall into 
a comparatively few classes, probably not over three, and the prob- 
lem of gaging such bores would therefore be much simplified. 

{eferring to standards for keys and keyways, Mr. Smith said he 
understood that the key committee had not yet published its solu- 
tion—if it had one. Generally speaking, keyways in shafts were 
milled and the width of the keyway was therefore dependent on the 
width of the milling cutter. The keys in the coupling, gear, or 
clutch were generally made on a special keyseating machine which 
essentially was a slotter with a formed tool having a definite width. 
The keyway width was therefore a function of the tool width and 
these tool widths were usually within two to three thousandths over 
the nominal size, with a reduction, due to wear and to regrinding, 
down to two or three thousandths undersize. It was not feasible 
in commercial work to spoil keyway cutters to meet some one’s 
special idea of a preferred keyway width, and the keyways should 
therefore be cut to the width produced by keyway cutters in the 
market. If any standards of key widths and keyway widths were 
determined, they should take this point into consideration. Some 
few companies had specified keyway tolerances and one particular 
company of large size now specified the keyway width as 0.002 in. 
less than nominal and in addition gave it a tolerance of +0.001. 
For example, the keyway width was called for as 0.498 +0.001, or 
0.623 +0.001. Such special requirements should be refused as, 
except in that company’s own shops, there were no other similar 
requirements and certainly no one wanted to add to the special 
tools required. It seemed to Mr. Smith that the demand for such 
special keyway widths was unnecessary because to get a good fit 
practically every key of ordinary style had to be hand-fitted by filing 
or grinding. 

Mr. Smith therefore recommended to the committee that it 
should proceed to establish preferred standard sizes of shafts and 
bores which would meet the direct-connected-machinery problem, 
because its work up to the present, so far as he knew, did not 
enter this field with which every machinery user was in contact. 
He stated that his company had a mass of tabulated material cover- 
ing many thousands of bores and keyways and that this information 
was available on request. 

Whenever such a standard was set up he hoped that the standard 
would be of such a form that it would be readily adopted by ma- 
chinery manufacturers, and that steps would be taken to see that 
it was adopted rather than to have it as a superimposed additional 
standard on top of all the variations already in effect. 

J. C. Mattern,! referring to a statement made by Mr. Smith 
that keyway cutters were made 0.001 in. above standard size, raised 
the point that the great bulk of cold-rolled key stock, as purchased 
in the open market, usually came from 0.001 in. to 0.002 in. below 
standard size. This being so, a keyway cut 0.001 in. above stand- 
ard size must invariably fail of assuring a snug fit sidewise. 

Mr. Mattern contended that all keyways should but cut from 
0.002 in. to 0.004 in. below standard size, which would permit of 
securing close fits with keys made from regular key stock. 

In connection with Mr. Buckingham’s statement that definite 
screw-thread standards had been established, Mr. Mattern in- 
quired whether these would make it possible, in assembling all 
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kinds of machinery, to set allowances for each different class of fits. 
Mr. Buckingham replied that each standard was divided into five 
different classes—one of which would be sure to meet practically 
any condition which could arise in machine building of whatever 
kind. 

P. F. Nydegger! asked Mr. Buckingham whether the tolerances 
established between 1914 and 1920 by the German, French, Swiss, 
and Swedish engineering societies of the various fits as well as for 
the current sizes had been consulted during the formulation of the 
A.S.M.E. limits and standards. He thought that as the European 
standards had been already established for a number of years, it 
would be desirable to compare those that had proved satisfactory 
in practice with our own A.S.M.E. limits and standards. 

The author answered that European standards were on file at 
the American Engineering Standards Committee and had been 
consulted by the sectional committee. That it was interesting to 
note that the German fits, for example, were in general one degree 
closer than ours, and that this probably meant that the German 
manufacturers relied more than Americans on an ultimate hand 
scraping of mating surfaces if the allowance proved to be insufficient 
in actual practice. 

Mr. Nydegger stated also that, as no mention was made in the 
paper or in the discussion of the finish of either holes or shafts, he 
thought it necessary to point out that the use of lapping methods for 
cylinder wristpins, sewing-machine shafts, and pins after grinding, 
and also the introduction of diamond finishing tools to get highly 
finished bearings in both ferrous and non-ferrous metals, necessitated 
different limits from those generally in use to allow for an oil film 
of a needed thickness to insure long service. 

Before the development of the newer methods of finishing bearings 
by the process of lapping or with diamond cutting and burnishing 
tools, it had been necessary to resort to the slow method of running- 
in the parts so as to smooth down the rough high spots in assembled 
units and obtain the desired finish of the bearings. 

With the newer method of lapping and diamond reaming as the 
last operation of machining, a more highly finished surface was 
produced, greatly reducing the time formerly consumed in running- 
in, as, due to the fact that all high and rough spots were now elimi- 
nated, the running-in operation was either unnecessary or greatly 
reduced in time. 

H. Schreck? made a few suggestions in regard to the standards of 
fits and gages as proposed by the Committee on Gages. These 
were: 

1 The subdivision or number of fits was not sufficient to meet 
the requirements of the shop, 

2 The allowance between tightest and loosest fit was too great. 
lor comparison he had plotted the four following systems: 

1 The proposed A.S.M.E. standards 

2 The Newall Engineering Co.’s standards 

3 The German (V D1) standards 

4 Standards of an American Diesel-engine works. 

Comparing, for instance, a running fit on a 2-in. and a 5-in. nom- 
inal size, the specifications for tightest and loosest fits would be as 
shown in Table 1. 


TABLE 1 


Tightest fit Loosest fit 


2 in. 5 in. 2 in. 5 in. 
1 A.S.M.E. (proposed)........ 0.0014 0.0026 0.0034 96.0054 
es atte eta -ous pan'ele oes 0.0009 0.0015 0.0032 0.0050 
3 Gorman (V DD) ..... ....%.%% 0.0011 0.00145 0.0032 0.0043 
4 An Am. Diesel-engine works. 0.0001 0 0.0025 0.0038 


The limit-gage system No. 4 had been established by Mr. 
Schreck some years ago, while he was working as chief engineer with 
a Diesel-engine concern in the Middle West. It had been copied 
from the licenser in Europe and was very much closer than system 
No. 3. It might be noticed that it was based on a “standard 
shaft,” and that the other three systems followed the “standard 
hole”’ practice. 

Mr. Schreck had also recently had the opportunity, as works 
manager of a Diesel-engine manufacturer, to install a limit-gage 
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system in which the gages had been made a little closer than No. 3, 
and yet not too close to increase cost of manufacture. The system 
had proved a great success in the shop as well as in the working 
of the engine, contrary to what might be inferred from Mr. Bucking- 
ham’s remark on the A.S.M.FE. fits as compared to German stand- 
ards. Notwithstanding Mr. Buckingham’s assertions based on 
his experience in machine-tool work, Mr. Schreck desired to point 
out and to suggest that the proposed limits be very carefully checked 
for the use on reciprocating machinery, which covered such a large 
range of our engineering work. 

Mr. Buckingham, in reply, said that Mr. Schreck had pointed 
out the very pertinent difference between fits required for re- 
ciprocating members such as crankpins and ordinary revolving 
shafts. Fits for reciprocating members should be held much tighter 
than those for revolving shafts. The class 3, Medium Fit, as 
proposed in the first method of Table 1, was too loose for this pur- 
pose. The class 4, Snug Fit, which gave a tightest fit of zero and 
a loosest fit of 0.0013 on a 2-in. size, and a tightest fit of zero and 
a loosest fit of 0.0017 on a 5-in. size, would be a better selection for 
this purpose. This would give only about half the manufacturing 
variation that Mr. Schreck had successfully used, as shown in the 
fourth method of Table 1, and might thus be unduly expensive in 
production. It was possible that an additional classification should 
be added to the proposed specification to take care of such fits for 
reciprocating members. The previous remarks in regard to close- 
ness of fits and hand scraping applied only to fits on rotating mem- 
bers, where the general tendency existed of making them too tight, 
and freeing them after assembly. 

H. J. Eberhardt! took part in the discussion which developed 
regarding the best practice in the use of master gages and the toler- 
ances allowed between the gages used by the operator of the ma- 
chine and the master gages kept in the tool room. 

Referring to the work of the shafting committee under the 
American Engineering Standard Committee, Mr. Eberhardt sug- 
gested that as soon as the present work of this committee, which 
was now being considered on transmission shafting, was finished, it 
should be broadened to also include such shafting as came in the 
machine-tool group, and then the higher-speed group of automatic 
machinery and aeronautic engines. 

W. J. Peets,? replying to a question by Mr. Eberhardt as to the 
proper method of keeping a plug gage used by the operator in ab- 
solute conformity with another gage held in the tool crib, and 
whether the gage on the shop floor should be to a slightly closer 
limit than this test gage, expressed the opinion that the best prac- 
tice was to give the operator a gage of exactly the same limits as 
were used for final inspection, so that he would have the full benefit 
of the tolerances allowed. Also, that it was well to give the oper- 
ator two plug gages—one to be used regularly on the work, and the 
other held in reserve for gaging holes coming very close to the lower 
limit and which might pass a somewhat worn gage. 

D. H. Chason* inquired as to whether the practice, originated 
during the war, of having gage makers’ limits shown on parts 
drawings was still widely followed. He also outlined the practice 
being used in the most modern shops today and which had been in 
use for some time. 

For purposes of economy in making gages of, for instance, a total 
limit of ten thousandths (0.010 in.), the gage maker was given a 
specific tolerance known as the “gage maker’s limit.” Supposing 
then that a gage of the “go no go” plug type was required, on which 
the “go” diameter was 0.495 in. and the ‘“‘no go” 0.505 in.; the most 
suitable tolerance to allow would be plus 0.0003 in. and minus 
nothing on the “go” size, and plus nothing and minus 0.0003 in. 
on the “no go” size. If then the gage maker should take the full 
limit on one or both diameters, the proper gaging of the work to be 
handled would not be affected. 

Gage manufacture could well cost 50 per cent more than other- 
wise in the absence of a “gage maker’s limit” on the drawings. 
For instance, when a gage maker was lapping a plug to a flat figure 
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(i.e., without such a limit) and the lapping had come to within 
0.0001 in. of the specified size, he must proceed with care not to 
remove more than 0.0001 in. from the gage. Further, the gage 
had a tendency to warm up in the lapping process, with consequent 
liability of a false reading on the gage maker’s micrometer. 

Although a 0.0001-in. limit seemed very small, it was a very im- 
portant factor in facilitating the gage maker’s work, and therefore in 
reducing gage costs. In many shops which followed this system, 
comparatively inexperienced operators were able to make the gages 
required. 

Louis W. Williams,' in reply to the Chairman’s request for in- 
formation as to the work of the Committee on the Standardization 
of Shafting and in reply to one of the statements made during the 
discussion of the paper that standards were too often recommended 
which were not adaptable to commercial practice, said that the 
Committee on the Standardization of Shafting and its sub-com- 
mittees on keys, tolerances, etc. had been working for several years 
to prevent this condition. The Committee had consulted with 
hundreds of users and a large number of manufacturers of shafting, 
keys, transmission appliances, and cold-finished steels. It had ob- 
tained the viewpoints of users and makers and wherever possible 
reconciled them. When this had not been possible, the Committee 
had recommended standards which would conform to general prac- 
tice as shown by a large majority of the hundreds of letters received 
in reply to its several questionnaires. 

Individual requests to alter the Committee’s standards as recom- 
mended to agree with the practice in some particular shop had had 
the Committee’s serious consideration. When these requests had 
conflicted with the practice generally in use, it had been forced to 
decide in favor of the large majority of actual users. 

The Committee regretted that a list of shafting sizes agreeing 
with a preferred-number series could not have been adopted as a 
single standard for both transmission and machinery shafting, but 
such a standard would not have appealed to the man in the shop as 
it would not have conformed to equipment now in use for which re- 
pair parts were carried, nor with shafting practice in general as 
shown by data from makers of transmission equipment and machin- 
ery of all kinds. 

The Committee’s standards had been recommended mainly for 
the purpose of reducing the number of sizes and of establishing 
commercial tolerances. This should help the machine manufac- 
turer, shafting maker, and distributor materially by lowering the 
list of sizes to be stocked. 

A request for further elimination of some of the key sizes recom- 
mended for standard keys had been received by the Committee, 
the writer saying that he had not been informed of the Committee’s 
work as it progressed. C. B. LePage, Secretary of the Committee 
had sent him a list of articles which had appeared in MEecHANICA! 
ENGINEERING at various times, which convinced the writer 
that he had not been reading the Society’s publications very 
closely. 

Regarding the distribution of information as to the Society's 
standards and useful data to the members interested, such in- 
formation, when printed in MECHANICAL ENGINEERING, was apt 
to be casually noted but would not be at hand when actually needed 
unless one had a complete clipping system. If standards were 
either printed as data sheets, as done by other societies, or in 
MECHANICAL ENGINEERING in a uniform size with holes indicated 
for binders in the way that some of the newspaper supplements fur- 
nished radio data, it would undoubtedly be of great service. Much 
valuable information was being developed by the A.S.M.E. but 
it was not being supplied to the individual members in its most 
useful form. 

V. M. Frost,? commenting upon a quéstion raised as to how a 
standard having been adopted by the Society could be put into use, 
stressed the point that when the Society adopted a standard which 
was agreed to be reasonably correct, the only thing necessary to 
put it into force for application was to “‘sell’’ the idea to the users 
of the product and they would do the rest by clauses in their 
contracts and specifications requiring that the material furnished 
comply with the given standard. 





1 Secy., Cauldwell-Wingate Co., New York, N. Y. Assoc. A.S.M.E. 
2 Asst. to Gen. Supt. of Generation, Public Service Electric Co., Newark, 
N. J. Mem. A.S.M.E. 
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F. J. Schlink! called attention to the universal use by the foreign 
bodies which had issued standards on gaging, of diagrams or charts 
intended to give a complete and comprehensive picture of the whole 
gaging scheme at a glance. The British and German standards, 
which were typical of a large group of European standards for limit 
gaging, were exhibited by Mr. Schlink to show the charts which 
they contained, from which the general plan of the tolerances and 
allowances and their magnitudes could be seen in relation to each 
other. He suggested that the American report should ultimately 
be revised to include such a presentation of the data which, on ac- 
count of the complexity of the subject and the numerous grades of 
fit, would otherwise not be sufficiently clear, as a coérdinated plan, 
to a person not already expert in the gaging field. 

Referring to Mr. Smith’s discussion, Mr. Schlink pointed out the 
importance of an accurate numerical study of the cost of non- 
standard production. The numerous and diverse methods of 
specifying shafts and holes which were essentially the same or in- 
tended for similar purposes, involving actual differences in dimen- 
sions Which were often minute and unimportant, certainly carried 
unnecessary expense in the shop, particularly in the general manu- 
facturing or jobbing shop, which might receive its orders and speci- 
fications from the most diverse sources. Such a shop, if provided 
with an accurate cost system, could work out the difference in cost 
produced by the small deviations from standard sizes and limits, 
and a study of this kind would be of the utmost importance in 
bringing about an appreciation of the value of standardization in 
this and related fields, and would almost inevitably put the matter 
of charges for work on a basis where the purchaser would quickly 
resort to standard sizes and types whenever they would equally 
well serve his purpose. 

Carl J. Oxford, in a paper on standardization of small tools pub- 
lished in the November, 1922, issue of MECHANICAL ENGINEERING, 
had shown how the manufacturing cost of certain twist drills was 
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about 500 per cent higher than in the case of the standard product 


of the same design throughout, except for its length. A few definite 
figures of this character would make a very great difference in the 
willingness of engineers to adhere to the national standards, and 
Mr. Schlink expressed the hope that some member of the Society 
might give the public the benefit of such a study. 

Alphonse A. Adler! told how the members of the Committee on 
the Standardization of Shafting were selected and how the standards 
were formulated. 

The Committee members, said Dr. Adler, were selected from the 
membership who by their interest and knowledge were able to con- 
tribute to the weight of the opinion formed by the Committee as a 
whole. All differences of opinion as far as possible were smoothed 
out in the meeting and the problem was clearly formulated. The 
Committee then sent out questionnaires to the interested parties 
so that they would know in question form exactly what answers 
were desired. These answers were tabulated and discrepancies 
corrected by such means as seemed desirable for the case in hand. 
This process was continued until substantial agreement was effected. 

As far as he knew, the Committee always tried to avoid raising 
the price of the product for those whose requirements did not need 
the accuracy called for by the close tolerance. It also tried to pass 
the expense of close tolerance or special product to those who by 
their specification were willing to pay for it. 

In general the Committee, on which he had the honor to serve, 
believed that no standard would remain standard unless there was a 
preponderance of manufacturers, designers, and users behind it. 
No single party was in a position to get the kind of perspective ob- 
tainable by the Committee unless he combed the field in the same 
way that the Committee in charge had. His experience on the 
Committee had made him feel that it was as broad-minded an 
undertaking as he had ever had the pleasure of being connected 
with. 


Principles of Metallurgy of Ferrous Metals for 
Mechanical Engineers 
I1]—Determination of The Properties of Metals 


By LEON CAMMEN,? NEW YORK, N. Y. 


T IS important for the mechanical engineer to understand how 
the properties of metals are determined. To do this numerous 
tests have been developed, but with the exception of some 

very unusual cases, it is by no means necessary to put a metal 
through all the tests that are to be described. Thus, there will 
be no sense in testing a rail for resistance to stresses at high tem- 
peratures, because a rail in service is not exposed to high temper- 
atures. 

The tests to which metals are subjected may be divided into the 
following classes: Physical tests; chemical analysis; determination 
of structure by microscope, reflection photography, and X-ray 
photography; magnetic analysis; analysis by sound; determination 
of corrosion resistance; determination of erosion resistance; de- 
termination of electrical properties; spectroscopic analysis; de- 
termination of physical constants; tests for machinability, cold and 
hot working, and forging; determination for stability, physically 
and chemically. 


PuysicaL TEsts 


Some of these are so familiar to mechanical engineers that they 
need be mentioned by name only; concerning others a few words 
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may be added. Tensile tests, compression tests, bending tests, 
impact tests on plain and notched specimens, and alternating- 
stress tests in metallurgical work do not differ in any way from 
those used in mechanical engineering, except that, especially of 
late, metals have been tested for their physical properties not only 
at room temperature but also at temperatures ranging as high as 
2200 deg. fahr. 

As regards hardness, it is important to understand that the various 
tests such as the scratch, Brinell, Shore, Rockwell, and Herbert 
do not all indicate the same property of the material. As has 
been already stated in another paper in MECHANICAL ENGINEER- 
1NG,!! “It would appear that there are five distinct kinds of hardness, 
of which two are complex and three simple: (1) Compound indenta- 
tion hardness, measured by the pendulum time test, a composite 
quality comprising (a) plastic indentation hardness, measured by 
the Brinell test, and (6) elastic indentation hardness, measured by 
the pendulum time test on glass, rubber, and the hardest steels, 
but otherwise not yet isolated; and (2) work hardness, or resistance 
to working with a tool, measured by the pendulum scale test, a 
composite quality comprising hardness indentation as above and 
flow hardness, or resistance to flow, measured by the pendulum 
scale time ratio.” 

Furthermore, in special reference to plastic indentation hardness, 
the Brinell test, which uses a ball, indicates the average hardness 
over a comparatively extensive area. The Rockwell test with its 
small diamond point is capable of measuring hardness over a 
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very much smaller area, often equivalent to that of one crystallite 
or even a part of a crystallite and is thus capable of giving a reading 
more representative of the actual conditions than the Brinell read- 
ing integrated over a much larger area. 

It has been found that alternating-stress tests are apt to give mis- 
leading results unless certain precautions are taken to obtain a 
correct application of load. This has been done, among other 
methods, by inserting a thin cardboard cylinder between the test 
piece and the inner race of the ball bearing through which the load 
is transmitted, the purpose of the cardboard cylinder being to assist 
in uniformly distributing the load. 

While there is undoubtedly a close relation between the physical 
properties of metals and their constitution, it has not been suffi- 
ciently established so that one can be guided by any definite rule. 
Generally brittleness increases, other conditions being constant, 
with the size of the grain, but it is possible for an alloy consisting 
of small grains to be more fragile than one consisting of larger 
grains, given a certain orientation of the grains (ep. Chapter II on 
Crystalline Structure of Metals). It is also possible, to a certain 
extent, to predict the mechanical properties of metals from their 
constituents, but here also our knowledge has not yet reached the 
stage where such predictions can be relied upon for practical pur- 
poses, so that the test is the final determination of the mechanical 
properties of a metal. 

It is important to remember that the results of all tests depend 
on the extent to which the piece tested is representative of the 
material the qualities of which it is desired to know. Thus, for 
example, when a casting is made and a test bar cast from the same 
metal and the latter on test shows excellent properties, this does 
not mean that the casting will stand up well in service, because the 
pattern may have been so improperly designed as to produce 
thin sections between heavy sections, with the result that contrac- 
tion stresses will bring about the rupture of the former. A good 
deal depends also on the type of test bar and method of casting it. 
For certain cases such organizations as The American Society for 
Testing Materials have adopted rules as to the methods of casting 
standard test bars. Where such rules have not been adopted an 
endeavor should be made to have the test bar cast in substantially 
the same manner as the casting, and, for example, such practice 
should be avoided as having the test bar cast in a metal mold 
where the actual casting is poured in green sand. 


CHEMICAL ANALYSIS 


The purpose of the chemical analysis is to determine whether 
certain useful constituents are present in sufficient quantities and 
certain undesirable elements are kept below the specified limit. 
The important constituents in ordinary steel are carbon, which, 
as has been stated above, vitally determines all the properties of 
the metal; sulphur and phosphorus, which often give it undesirable 
properties; and silicon and manganese, the influence of which will 
be discussed later, and which may be considered desirable or harmful 
within certain limits and less so within other limits. In alloy steels 
the alloying elements must be present within certain limits, and it 
is up to the analysis to establish it. It is well to state in this con- 
nection that on the whole it is not desirable to specify both the 
chemical analysis and the physical properties of a metal. 

It is often impossible, especially on account of the practice fol- 
lowed in a given foundry or steel mill, to produce a metal of a certain 
chemical analysis which at the same time will have certain physical 
properties. Therefore, if it is the analysis which is important, only 
that should be specified, and in some way proper inspection should 
be provided to see that metal of the desired analysis is melted and 
handled properly. If it is the physical properties which are de- 
sired, they should be specified and a certain leeway given in the 
matter of the analysis to permit the foundry or steel mill to use its 
own judgment in producing a metal endowed with these properties. 
To specify both is like telling a man to take only so many steps per 
minute and yet cover a certain distance in an hour. This would 
be all right if all men had legs of the same length and their steps 
were of the same spacing. As a matter of fact, steels made from 
Swedish ore and Ruhr coke, for some reason or other, have physical 
properties (with the same treatment) not at all like those made from 
Mesabi ores and Connellsville coke and apparently of the same 
composition. 
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In specifying the analysis of a steel, it is important to determine 
first of all the purpose for which the metal is to be used and the 
processes by which it is to be manufactured. For example, in 
steel used for rolling structural shapes, a small amount of oxidation, 
provided it does not result in what is known as “dirty” steel, is 
fairly harmless. If, however, the steel is to be case-hardened, the 
same amount of oxidation may prove to be very objectionable. 

This example, it may be noted, is of interest in that it shows how 
at times the problem of analysis is handled by the steel man. The 
usual way is of course by direct determination. Once in a while 
conditions arise, however, when roundabout ways appear to be more 
effective. Such, for example, is the case of steel for roller-bearing 
races. This steel has to be case-hardened, and the presence of 
oxides in the metal would interfere with the case-hardening. Now 
while it may be possible to discover the presence of oxides in steel 
by means of chemical analysis, there is no rapid method of analysis 
available. Because of this, the Timken Roller Bearing Company 
uses a somewhat roundabout method and specifies 0.5 per cent 
chromium in its steel, the idea being that if oxides of iron were 
present in the steel there would not be any chromium in it, as the 
latter metal oxidizes long before iron does. Here, therefore, by 
determining the amount of chromium present, a conclusion is 
reached as to the presence, or rather the absence, of oxides of iron. 
In other instances, however, the practice of using deoxidizers or 
indicators is objectionable and therefore prohibited. Thus rail 
specifications usually provide that no aluminum shall be used as 
a deoxidizer, because of the fear that heavily oxidized metal would 
be produced in the furnace and that reliance would be placed for 
its deoxidation on the use of aluminum, a process not really suffi- 
ciently certain to be relied upon in the case of a product, such as 
rails, where reliability and safety are paramount. 

As regards phosphorus, there is fair agreement that it should be 
kept below 0.05 per cent, and even lower limits are specified where 
articles are subjected to heavy alternating stresses and the danger 
of cold-shortness is particularly prominent. On the other hand 
there is much less unanimity as regards the upper limit for sulphur. 
Some ten years ago 0.05 per cent was considered the highest limit 
permissible for all products subject to stresses. Of late, however, 
a closer study of the influence of sulphur has been made and there 
have been apparently well supported claims that higher limits of 
sulphur may be permissible under certain conditions. 

As a rule, no single set of tests will tell the whole story. Thus 
excessive brittleness as discovered by the impact test or alternating- 
stress test may be due to an accidental defect in the test piece, 
such as a bit of slag inclusion, of which the article itself may be 
free. A sulphur content in excess of the supposed permissible 
higher limit may under certain conditions prove to be beneficial 
rather than harmful, but when excessive brittleness is found in 
combination with excessive sulphur content (th’s is, however, cited 
merely as an illustration), it is well to consider iramediately whether 
lowering the sulphur limit would not prove to be of advantage. 
On the other hand, when unusually high physical properties are 
discovered with an apparently conventional «nalysis, it may be 
well to subject the test piece, especially if made from materials of 
unusual occurrence, to a complete analysis, that is, an analysis that 
will show constituents totaling 100 per cent, .n order to discover 
if there is not some constituent present that would account for 
the unusually excellent properties. 

It is well to understand that in the first place chemical analysis 
of the metal does not always disclose all that goes into the making 
of the metal or all that affects its properties, and second, that unless 
one knows what to look for in a chemical analysis it is very easy to 
fail to discover certain constituents even when present. This is 
due, first, to the fact that certain alloying elements affect the struc- 
ture of steel while present in molten metal, and then pass into slag 
so that they are not present in the cast metal. Such an element is 
titanium, titanium steel so-called—and quite legitimately—often 
showing no presence of titanium on chemical analysis. Other alloying 
elements are added in such minute quantities that they would not be 
discovered by ordinary analysis unless their presence was suspected 
and certain reagents used. Such an element is vanadium, which 
is added in quantities of only 0.1 per cent, and the magnesium or 
cerium used as a deoxidizer in some special steels is added likewise 
in quantities of 0.1 per cent or less. These deoxidizers pass into 
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the slag so completely that their presence is not discoverable in 
the cast metal. Of late an attempt has been made to introduce 
certain organic materials into molten steel, and it is claimed that 
the resulting metal is improved thereby. Of course, such organic 
materials would undergo under the action of heat at the tem- 
peratures of molten steel such a thorough transformation as to 
make their presence absolutely undiscoverable in the final metal. 

The methods of making the analyses themselves do not differ 
from those commonly employed in inorganic chemistry, except that 
metallurgical chemists have developed certain rapid methods of 
determination not always familiar to the general chemist. 

The ordinary chemical specification covers only the solid ele- 
ments contained in steel. There is, however, increasing evi- 
dence that the presence of gaseous elements, such as nitrogen and 
hydrogen, materially affects the properties of metals, thus lending 
support to the contention of some British crucible-steel melters of 
the early part of the 19th century that they could judge of the 
character of a steel by the smell of a fresh fracture (the smell 
possibly resulting from a very faint evolution of hydrogen sulphide). 
There are (still somewhat uncertain) methods for determining the 
nitrogen and hydrogen entrapped or dissolved in steel, but none 
applicable in shop practice, and hence no insertion of any speci- 
fication in the chemical analysis as to occluded or dissolved gases 
in steel would be acceptable to a steel mill. Furthermore, what is 
known in regard to the influence of gases in steel is as yet too frag- 
mentary to be of real practical value. 


DETERMINATION OF THE STRUCTURE OF STEEL AND IRON BY MICROs- 
COPY AND REFLECTION PHOTOGRAPHY 

As stated in many instances in the preceding chapters, the two 
main constituents of steel, carbon and iron, and some of the alloy- 
ing elements combine with each other in many ways within the 
same quantitative relation. Thus, it may happen that two ma- 
terials showing the same chemical analysis will prove to be widely 
different from each other. As an instance of this may be cited 
white iron and malleable iron, pearlitic and martensitic or pearlitic 
and sorbitic steels, etc. In fact, the structure of ferrous materials 
has far more influence on their industrial properties than their anal- 
ysis, as it is the structure of these materials which primarily de- 
fines their ability to resist the various chemical, physical, and 
thermal stresses to which they are subjected in the course of the 
performance of their various tasks. It becomes of very great 
importance, therefore, to find a method that will permit of an 
insight into their structure, which in this case means the size of 
the grains and their location with respect to each other, the com- 
pounds in which the iron, carbon, and other elements occur in the 
metal, and the uniformity or lack of uniformity of the structure 
throughout the various sections of a given body of metal. It is 
also important to discover whether or not there are planes of 
weakness in the metal or minute inclosures of foreign substances 
that might become starting points of possible future cracks. None 
of these factors can be discovered as far as we know by means 
of either physical tests or chemical analysis, but the microscope 
offers a powerful tool for the investigation of these phenomena, 
especially when combined with various photographie methods. 
Of these latter there are two classes, one using visible light as an 
illuminant, and the other using X-rays. In order to avoid con- 
fusion between the two, the former will be called here “reflection” 
photography, as it operates by rays reflected from the object to 
be photographed on the sensitive plate or film, and the other “X- 
ray” photography, as it is effected by rays penetrating through 
the object photographed to a sensitive plate or film on the side of 
the object opposite to that where the source of the rays is located. 
_ As regards the microscope, which includes the common magnify- 
ing glass, there are two ways of applying it: one to a fracture, es- 
pecially a fresh one, of a metal, and the other to a specially prepared 
surface. The former, except in some unusual cases, gives only a 
rough idea as to the structure of a metal, but may be of considerable 
use in helping to discover local flaws which led to fracture, such 
as slag inclusions, blowholes, cavities, previously unknown surface 
defects, ete. The great importance of microscopic, photomicro- 
scopic, and direct photographic examination is due, however, 
to the information obtained by the investigation of specially pre- 
pared surfaces. 
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In order to obtain a view of the structure of a metal under the 
microscope, it is necessary to prepare what is known as a “‘micro- 
section,” which means that the surface of the metal should be 
polished .free from scratches and chemically treated (etched in a 
certain manner so as to bring out the various constituents of the 
metal). 

The first operation is usually that of sawing off a piece of suitable 
size, which may be done with a hacksaw or thin grinding wheel. 
Either method will give a surface of irregular texture and more or 
less deeply scratched. The next operation is therefore to remove 
the deep scratches, which can be done on an ordinary bench grinder 
with emery or carborundum wheels. It is often necessary to per- 
form this operation with a stream of water playing on the piece to 
prevent it from heating. The coarse grinding is followed by fine 
grinding, an operation which requires a good deal of skill to be 
performed properly. The operation known as burnishing cannot 
be used in the preparation of microsections, because although it does 
produce a very smooth-looking surface, this surface is obtained by 
a sort of smearing over of metal in a surface layer which disappears 
on etching and leaves below an irregular surface. After the speci- 
men has been ground on the finest emery paper (No. 000 or 0000 
as the case may be), it is polished, which is done by means of a 
piece of broadcloth to which polishing powder and water are 
applied. When all the fine scratches have been removed the 
section is washed in water and placed in a small dish of absolute 
alcohol or ether to remove the water and grease from the surface. 
The specimen is then dried in a blast of air and when possible placed 
in a desiccator to preserve the polished surface. The section thus 
obtained may be directly examined under the microscope when the 
constituents of the metal are of sufficiently different color to be 
distinguishable without further treatment. Direct examination 
will, for example, show graphite in cast iron or slag and manganese 
sulphide in steel. Once on a while it may lead to erroneous con- 
clusions, as, for example, it was probably as a result of direct 
examination that the belief in the fibrous structure of wrought 
iron arose. Under a low magnification wrought iron with its 
strings of slag does give an impression of being fibrous, even though 
the metal itself, as we now know, is crystalline. In the majority 
of cases, however, it becomes necessary to develop the surface in 
order to gain a more complete insight into the structure of the 
metal. This development is done usually by chemical means, 
although other means are available. One of the most interesting 
of these is the so-called “heat tinting,’ based on the fact that steel 
heated in the air forms oxides, the colors of which depend on the 
thickness of the film formed and its character, both of which in 
their turn depend on the composition of the material. The result 
is that a series of interference or temper colors is produced. This 
method was used for the determination of phosphorus enrichment 
in steel, also to distinguish phosphide of iron from the carbide of 
iron in white cast iron, ete. However, the application of this proc- 
ess thus far has been only a limited one. The practice of chemical 
development or etching is based on the idea that the reagents used 
do not attack all the constituents of metals in the same manner. 
It is like making a mosaic out of bits of tile and bits of sugar and 
then applying a stream of water which will wash out the sugar 
and reveal the distribution of the pieces of tile. In order to obtain 
a clear picture of the etched surface a considerable amount of know- 
ledge is required in the selection of the reagents, and it is usual 
to specify what reagents have been used in etching a specimen 
inspected or photographed. Etching reagents may be applied 
either at room temperatures or slightly above them, or at quite 
elevated temperatures of the order of molten calcium chloride. 
This latter is used for the purpose of developing the structure stable 
at certain high temperatures. 

Ordinary etching reveals the structure of a material but fails 
as a rule to give information as to strain lines, i.e., alterations in 
the body of steel caused by stresses. A process has been lately 
developed employing as an etching medium a strong acid solution 
of copper chloride over a properly prepared steel, and it is claimed 
that this brings out a set of lines which from all information available 
appear to be strain lines. * 

Deep etching develops differences in color between different 
grains, some appearing dark and others light. It may be stated 
in this connection that notwithstanding the very great progress 
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already made and the results achieved, microscopy as applied to 
the investigation of metals is still more or less in its infancy and, 
for example, is far behind in its technique as compared with the art as 
developed by the biologist. Thus, next to nothing has been done 
to obtain reagents that will produce distinctive colors in the various 
constituents of steel beyond what may be called degrees of grayness. 

Still deeper etching produces within certain grains geometrical 
figures which are called ‘etching pits.”” These pits approximate 
a definite geometrical form, such as a triangle or rectangle, and 
within any particular grain have the same form and orientation. 
They furnish additional evidence of the crystallinity of metals. 

The surface prepared in any of the manners described may be 
investigated by the naked eye or under the microscope. It is 
comparatively rare that the former can be used—only in such cases 
as zine or iron galvanized by the hot-dip process, where the crystals 
show quite prominently. Usually magnification is necessary in 
order to obtain useful results. Essentially the metallurgical 
microscope works in the same manner as all other apparatus of 
the same kind, but the details of construction make it different 
from the microscope used in biological work. 

In ordinary work such as routine investigations of metals, magni- 
fications of 50 or 100 diameters are sufficient as they bring out the 
general distribution of such constituents as pearlite, cementite, 
and martensite, and show the mode of distribution and appearance 
of graphite particles. They also reveal sufficiently for ordinary 
purposes the presence or absence of impurities and the degree of 
uniformity of the metal over a given cross-section. Where more 
exact metallurgical knowledge is required, magnifications of 500, 
1000 and even more diameters are resorted to. Figs. 2 (No. 7) 
and 3 on pages 343 and 344 of the May issue show similar structures, 
in one case under a magnification of 100 diameters, and in the other, 
of 1840 diameters. The appearance of the metal in these two views 
is strikingly different, and it may be suggested that for those who 
are not expert metallurgists accustomed to work with structures 
under high magnifications, lower magnifications may prove to be 
a safer guide, simply because one is naturally more familiar with 
the way a sound metal looks under the common magnifications of, 
say, 100 diameters, and the structure under that magnification 
offers a better ground for comparison. On the other hand, for 
research purposes the higher magnifications are of unquestionable 
value. In fact, an editorial in The Iron Age of September 11, 
1924, discussed the possibilities of magnifications of 5000 diameters, 
and expressed the belief that they would tell us, for example, of 
the real atomic spacing and the nature of martensite. Here again 
metallurgical microscopy, being only a fairly young science and for 
a long time having been hampered by lack of proper recognition, 
has not yet reached the same stage of development as, for example, 
microscopy as used in physical chemistry and biology. In these 
sciences magnifications far in excess of 5000 have been successfully 
employed, and the ultramicroscope even permits one to see particles 
of matter much smaller than the shortest wave of visible light. 
The ultramicroscope and the use of the highest possible magni- 
fications have been the means of revealing such mysteries of nature 
as the structure and behavior of colloidal solutions of metals, and 
the life and mode of propagation of some of the minute micro- 
organisms. There is every reason to believe that higher microscopy 
together with X-ray analysis will contribute powerfully to our 
knowledge of the structure of metals. 

There is another field where microscopy might afford some useful 
knowledge, but the difficulties in its application, particularly to 
metals like steel, are so enormous that at least for the present but 
little hope can be entertained that it can be done. This is the field 
of investigation of metals in their molten state and during the 
critical period of solidification.! 


ILLUMINATION 


In general, illuminants used in microscopic examination of metals 
can be divided for convenience into two groups: those which are 
used to produce the so-called “critical” illumination—in which the 
source of illumination is reproduced by the objective on the surface 
of the microsection—and those used ima projection system. Crit- 
ical examination is intended principally for visual observation, while 
the other systems are designed to give a stronger illumination, such 
as is needed for photomicrography. The illuminant may be a gas 
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light or an incandescent bulb such as the concentrated-filament 
Mazda lamp, and for photomicrography the calcium light and are 
light. It has been suggested? that polarized light be used for the 
examination of objects. The attempt has not been quite successful 
but the idea is interesting. In a polarizer, such as a crystal of 
iceland spar or tourmaline, a beam of light breaks up into two rays 
of equal intensity; one known as the ordinary ray is reflected through 
the sides of the crystal and absorbed, while the other, the extra- 
ordinary ray, passes on through and is said to be a ray of plain 
polarized light. 

The next thing with which one has to deal in metallurgical micro- 
scopy is the manner of illuminating the metal surfaces which have 
been polished and etched. Obviously only reflected light can be 
used, which is the reason why this class of examination has been 
referred to above as reflection microscopy or photography; but the 
incident light may be made to fall upon the surface in several ways, 
and respective methods of illumination are known as oblique, 
vertical or normal, and conical. Oblique illumination is produced 
when a suitably arranged beam of light falls upon the metal surface 
from some direction outside the lenses of the microscope. It is 
very simple and valuable, especially where it is desired to take 
account of the differences of level and surface configuration. On 
the other hand, the optical effects produced may be exaggerated 
or distorted. Minute surface defects are apt to be emphasized 
and slight differences of surface texture appear as vivid contrasts 
of brightness. For certain practical reasons oblique illumination 
can be conveniently used only with lower powers of magnification, 
and is employed but little in photomicrography. 

In vertical or normal illumination the light is caused to fall upon 
the surface of the specimen in a direction at right angles to the 
surface; i.e., if the microscope is used in the vertical position, the 
light falls upon the specimen vertically from above. Only a small 
part of the light used is actually employed to form the image, but 
this amount is sufficient for practical purposes, and with certain 
appliances very clear views can be obtained. One of the dis- 
advantages of normal examination is that steel constituents are 
seen only in outline, no shadows being cast, while it would be ob- 
viously desirable to view microscopic objects in a more natural way, 
i.e., to see them in relief. This may become important at higher 
magnifications. To meet this situation a new method known as 
“conical illumination” was developed (by Harry 8. George). In 
this method an opaque disk is placed in the optical system of the 
microscope in such a manner that an image of the disk is formed 
near the back lens of the objective, producing a hollow cone of 
light in the objective with the apex of the cone on the object. 
Because of the fact that the rays of light in this case are more nearly 
parallel to the optic axis and therefore are reflected back through 
the objective from plain surfaces, they make them appear bright 
and impart a natural relief effect to the appearance. Moreover, 
this method is adaptable to high-power work.* 


PHOTOMACROGRAPHS AND PHOTOMICROGRAPHS 


It is but a natural step from the investigation of surfaces of metals 
by the microscope to the recording of their appearance by photog- 
raphy. The production and preparation cf photomicrographs 
in metallurgy does not differ from the process used in other arts 
and therefore need not be especially described here. Mention may 
be made, however, of the fact that two main kinds of photographis 
may be taken: the “‘photomacrograph,” where the picture is of the 
same size as the original, and the “photomicrograph,” which is taken 
through a microscope and gives a magnified view of the original. 
The purposes of the two are entirely different. In photomicrog- 
raphy the surface of the metal is etched.in such a manner as to 
produce irregularities on the surface which will be shown by the 
reflection of the light. In this way the grain structure and the 
distribution of the various constituents of the metal are brouglit 
out. In photomacrography only the general structural distribu- 
tion is brought out, the purpose of photomacrographs (which in- 
cludes sulphur prints) being not to ascertain the grain structure as 
such, but to determine whether the article or ingot is of uniform 
chemical composition and to estimate its general structural dis- 
tribution. Photomacrographs are produced by polishing thie 
sample, etching it, and then photographing the surface. There 


are two ways of doing the latter, one by means of ordinary photo- 
a 
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graphic apparatus, and the other—known as the contact process— 
by using specially sensitized paper which is laid directly on the 
etched surface. In this latter the etching materials and the ma- 
terial with which the photographic film (which may be of silk) 
is impregnated are of such a character that sulphide and phosphide 
inclusions are affected in such a manner that the parts of the film 
in contact with them change color and become lemon-yellow for 
phosphorus and black for sulphide spots. (Such photographs are 
also known as “sulphur prints.’’) 


X-Ray PHOTOGRAPHY 


X-ray photography has two entirely independent purposes: 
one to investigate metal articles with the aim of discovering pos- 
sible defects, such as blowholes, contraction cavities, slag inclusions, 
ete.; the other, to investigate the crystalline structure of metals. 
The former has been applied successfully, for example, at the 
Watertown Arsenal, Watertown, Mass.,4 where about 200,000 volts 
are impressed on the Coolidge tube, with an exposure of about 
one minute for 1 in. thickness of steel, about five minutes for 2 in. 
thickness, and about thirty minutes for 3 in. It requires a certain 
amount of practice to read X-ray films correctly, but once this is 
attained these films show the location, the approximate size and 
shape, and, with considerable certainty, the cause of defects in 
steel castings. Occluded sand, cavities resulting from incomplete 
deoxidation of the metal in the furnace, cavities formed by gases 
entering the metal during solidification from the core and mold, 
piping or shrinkage cavities resulting from inadequate feeding from 
risers during solidification, cracks caused by unyielding cores or 
failure to promptly relieve the mold, imperfections in welding and 
hurnt-in metal, can all be individually detected. 

Among other things, it has been found that where a number of 
castings have to be made from a given pattern, X-ray analysis 
can be employed to a certain extent as a means of improving the 
design of the pattern, thus insuring better castings. The principle 
on which X-ray photographs are used to discover a defect is that 
the rays which pass through a defect such as a blowhole, and there- 
fore through a smaller thickness of metal than the sound parts, reach 
the film with greater intensity and form a much darker spot on the 
film, the outlines and size of the spot corresponding closely to those 
of the defect. 

X-ray analysis has also been employed with great success as a 
means of determining the crystal structure of metals.'? The 
principle used is similar to that of the ordinary diffraction grating, 
which consists of a piece of glass or metal on which are ruled a 
large number of parallel and equidistant lines. A beam of mono- 
chromatic light falling upon such a grating is diffracted through 
an angle depending on the wave length of the light and the spacing 
of the lines on the grating. Because of this the grating can be used 
tor the analysis of light and for the exact measurement of the wave 
length of any particular portion of the spectrum. If desired, 
monochromatic light of known wave length may be used to de- 
termine the spacing of the lines on a grating. As the wave lengths 
of X-rays are very short, about '/jo000 as long as those of visible 
light, it is impossible to construct a grating of the necessary close 
spacing by the usual method of ruling lines, but a successful attempt 
has been made to use the ordered arrangements of the atoms or 
molecules and crystals for the investigation of X-rays. After it 
had been found that the spacings of the planes of atoms or mole- 
cules were of the right order of magnitude and after it had been 
determined that X-rays were of the same nature as those of ordi- 
nary light, their wave lengths were measured. The process was 
then reversed and monochromatic X-rays of known wave length 
used to measure the spacing of the planes of atoms ir a 
crystal. 

Examination of the inner structure of metals by X-rays has not 
only a great scientific interest in that it reveals the structure of 
the metals, but a practical value as well. It has been applied, for 
example, to the examination of the inner structure of strained metals 
such as drawn copper wire. Experiments show that a copper rod 
composed of an irregular mass of small crystals as a result of rolling 
or forging and being drawn into wire takes a fibrous structure, the 
arrangement of crystal lattices being transformed into a state of 
irregularity which may account for the changes in such properties 
as hardness and strength.® 
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DETERMINATION OF CorROSION RESISTANCE 

There is really no such thing as a universal factor of corrosion 
resistance.’ Materials which are highly resistant to one agent, such 
as sulphuric acid, may prove to be entirely incapable of resisting 
another one, such as nitric acid. Corrosion-resistance tests should 
always be made clearly with a view to the factors which may affect 
the material while it is in service; thus it would be entirely useless 
to test the iron members of an inland building for corrosion re- 
sistance to salt water. Because of the great diversity of corroding 
factors, numerous tests have been developed for corrosion resis- 
tance. The investigation made by the Bureau of Mines as to the 
corrosion resistance of various materials when exposed to mine 
waters? is a good example of the method used in carrying out such 
tests. 

Quite often it is desired to know how a certain material will be- 
have when exposed to corroding factors over a great length of 
time. Such is the case, for example, with soil pipe, which, under 
certain conditions, may not start corroding until it has been in the 
ground for a period of, say, 10 to 20 years. In such cases it is 
desired to have some quick test that will within a reasonable period, 
of, say, a couple of months, give a more or less reliable indication 
as to what behavior may be expected from the material over a long 
time. Such tests are called “accelerated corrosion” tests, and it 
should be clearly understood that by no means all of them are 
fully reliable. Whenever such a test is used it is well to accept 
its conclusions with a certain amount of circumspection and to 
investigate whether it has been used on a similar material long 
enough to afford a basis of comparison between laboratory results 
and the behavior of the material tested under actual service con- 
ditions. 

The subject of corrosion resistance is frequently rendered more 
complicated by the application of protective media to the metal 
parts.'!° The presumption in such cases is that the protective 
medium, such as paint, tar, etc. will help delay or prevent corro- 
sion. Whether it does so or not is a matter that it is well to de- 
termine and not take for granted, because in matters dealing 
with corrosion things do not always work out quite as simply as 
one would offhand expect them to. For example, one might sup- 
pose that two layers of paint would protect metal from corrosion 
better than one layer, and yet cases have been found where two 
layers reduced the amount of corrosion protection to less than 
that afforded by one layer. 

Another element in connection with corrosion tests which has 
to be borne in mind carefully is that of seeing that the tests involve 
all the factors present in actual service. For example, if there is 
a possibility that stray currents from electric traction lines may be 
flowing where the pipe or other part under consideration is to be 
laid, tests of corrosion by electrolysis should be carried out. In 
districts like Pittsburgh, sulphurous, hydrofluoric, and silico-hydro- 
fluoric acids may be present in soil waters though being introduced 
therein by rain and condensation from the air into which they are 
projected by the numerous steel mills, glass works, and chemical 
plants. Therefore tests for the corrosion of parts to be imbedded 
in Pittsburgh soil which were carried out with Croton water in 
New York City might not give valuable results. It should be 
also clearly understood that in a complete machine a memer 
may corrode with great rapidity because of contact with, or even 
nearness to, other metal parts made of materials having a different 
electric potential. Hence, in testing for corrosion attention should 
be paid to the influence of other parts of the structure. One 
famous case is that of a yacht having a steel hull and monel-metal 
sheathing where violent corrosion of the steel parts took place, 
obviously due to high electric potentials set up by the contact 
between steel and monel metal in sea water. Here corrosion tests 
of either steel or monel metal alone would not have given any 
information that would have been useful to the designer of the 
yacht. 

In many cases only the surface of a metal is protected against cor- 
rosion, and in these it is important to consider whether in the use 
of the article this surface is likely to wear off, and in that event what 
happens to the metal. It is also important to note whether parts 
of the surface may be cut away, as, for example, in cutting threads 
on a pipe, and what will happen then as a result of the interaction 
of the protected top layer and unprotected lower layers. Galvan- 
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izing, sherardizing, and galvannealing (zine coating) and nickel 
plating are the best-known methods of protecting the surface of 
the metal. Lead plating, cobalt plating, and chrome plating are 
receiving increasing attention. A different type of surface pro- 
tection is presented by calorizing and chromizing, both of which 
consist in heating an iron or steel article in aluminum or chromium 
powder in an atmosphere of hydrogen under conditions which 
produce a sort of alloying action between the two metals, resulting 
in a heat-resisting, and to a certain extent corrosion-resisting, 
surface layer. It is important to remember also that the so-called 
“stainless steel” (steel containing a very low percentage of carbon 
and from 10 to 14 per cent chromium) is stainless only if the sur- 
face is polished. 

Often a photomicrograph of a material may give an idea, very 
approximate only of course, as to the behavior of a material when 
exposed to corroding agencies. In general, the more uniform the 
structure of a material is, the less it is likely to be subject to corro- 
sion. 

DETERMINATION OF ELECTRICAL PROPERTIES 

This is a subject with which mechanical engineers have seldom 
to deal, electrical properties of metals such as electric conductivity, 
magnetic properties, electrolytic potential, permeability, ete. 


being of greater interest to electrical engineers, who have developed 
very precise methods of testing for their determination. 


DETERMINATION OF PHysICAL CONSTANTS 


There are quite a number of such constants, some of which are 
of interest to mechanical engineers while others are not. The 
melting point has been fairly closely determined for the great 
majority of metals and their alloys, and the values can be found 
in handbooks. The latent heat of fusion has been determined for 
a number of metals and this information is scattered through a 
number of publications. It is not usually of interest to me- 
chanical engineers. The coefficient of thermal expansion has been 
determined for a number of metals and alloys and varies from 
zero at ordinary temperatures for invar (an alloy of iron and nickel) 
to very appreciable values for such alloys as nichrome and metals 
like zinc. This is obtained directly by raising the temperature of 
a bar of a given length through a desired range and measuring it 
before and after heating, and is quite well known for the great 
majority of metals and alloys. It is important in this connection 
to remember that metals have two coefficients of expansion, i.e., 
the linear and the cubic, and in engineering work it is often well to 
distinguish between the two. There is a third factor belonging 
in a way to the same class, viz., contraction on freezing. The ma- 
jority of metals (cast iron is one of the few exceptions of commercial 
importance) shrink on passing from the liquid to the solid state, 
a fact which has to be taken into consideration in the design of 
patterns for castings. In steel this shrinkage is assumed to be of 
the order of 2 per cent (say, '/, in. to the foot). 


DETERMINATION OF STABILITY 


This test is not necessary for all metals, but it so happens that 
certain metals change their structure with time and become brittle. 
This phenomenon is called “aging” and is said to affect duralumin, 
for example. 

Because of this, when a new alloy is developed it is a wise plan 
to have samples retested at certain intervals to determine whether 
or not aging has to be considered. No reliable accelerated test for 
aging appears to have been developed as yet. There is another 
condition somewhat similar to aging which should not, however, 
be confused with it, namely, the deterioration of a material exposed 
to high mechanical or thermal stresses over a considerable period of 
time. Thus elevator cables lose their strength after a certain period 
of service; annealing containers become brittle, ete. Here we have 
to deal not with aging but with fatigue in one case and change of 
crystal structure in another. Because of this, where it is expected 
that a metal member will be in service under stresses, mechanical 
or thermal, approximating the danger line, it is well to institute 
tests for its structural stability under such conditions after various 
lengths of service. The somewhat indefinite expression ‘danger 
line” is used advisedly, because of the great variation in what it 
may imply. 
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A phenomenon somewhat similar to aging is likely to develop 
in metals subjected in service to high temperatures for great lengths 
of time. Such metals, unless of compositions specially adapted to 
this kind of service, will probably deteriorate and lose their strength. 
There is no standard quick test for this condition. 

As to the methods of testing for stability, all that can be said is 
that they will vary with conditions of service; but in all cases it 
is advisable to have a microscopic examination of the metal carried 
out side by side with the physical tests, as in the vast majority of 
cases changes in physical strength are accompanied by recognizable 
changes in the structure of the metal. 


MAGNETIC ANALYSIS 


The majority of tests to which metals are subjected, such as 
tensile tests, chemical analysis, ete., are of a destructive character, 
which means that the piece tested is destroyed during the test. 
Because of this the test can be carried out only on a sample, and 
the conclusion reached is limited strictly by the extent to which 
the sample tested represents the actual properties of the material. 
In certain branches of engineering where tests on models (and a 
test bar is after all nothing but a crude model of the actual article 
are extensively used, an attempt has been made to develop what are 
known as “‘laws of similarity,”’ or laws defining the relation between 
the properties of a small-scale model and a large-scale article 
In aeronautics, in particular, where scale models are tested in wind 
tunnels, the law of dynamic similarity has been developed to a con- 
siderable extent. 

Obviously, destructive testing can be used only on samples or 
on actual articles after they have outlived their usefulness, or 
finally in investigating causes of accidents which have already 
occurred. There would be but little profit in determining that an 
elevator cable is sound by tearing it in two, and it is desirable to 
have a method of non-destructive testing of materials even when 
their indications are only approximate. The magnetic testing 
of steel is such a method, as also is X-ray investigation. 

Comparatively little has been published on the magnetic testing 
of steel. It is stated it was developed in a more or less accidenta! 
way. For some reason it was desired at the U. 8. Bureau of Stand- 
ards to make up several steel bars having the same magnetic per- 
meability. This seemed to be a very simple matter, but when 
an endeavor was made to get such bars it was found that scarcely 
any two bars have the same permeability. A further investigation 
showed that the permeability of a piece of steel varies in a decided 
way with the slightest variations in its composition, and, for ex- 
ample, that the presence of pipe, slag inclusions, segregations or 
flaws causes a clearly noticeable change in the magnetic properties 
of the metal. This clearly indicated the possibility of using mag- 
netic testing for the discovery of imperfections and variations in 
steel. 

As an example of the actual method of testing may be cited 
the use of the “defectoscope,” which is an apparatus invented by 
Dr. Charles W. Burrows and described in The Iron Age of October 
28, 1920, pp. 1125-1128. This device comprises a magnetizing 
solenoid and a detector, the latter consisting of two test coils having 
the same number of turns and surrounding the specimen. 

The magnetizing solenoid and the detector are rigidly connected 
together and are given a relative motion along the length of the 
specimen by means of a suitable motor which forms the third ele- 
ment of the system. As the detector occupies different positions 
along the length of the test material, it is threaded by an induction 
which depends upon the nature of the specimen. If the specimen 
is not quite uniform the magnetic induction threading one of the 
coils of the detector is different from the magnetic induction 
threading the other coil. The result is the electromotive force 
generated in one of the test coils is different from that generated 
in the second test coil. Consequently a small differential elec- 
tromotive force is impressed upon the detector system every time 
it passes over the magnetic inhomogeneity. 


DETERMINATION OF MACHINABILITY 


There are no standard tests for machinability, cold and hot 
working, and forging. In ordinary steels the behavior in respect 
to these factors can be predicted roughly from the composition 
of the steel and its heat treatment, and often depends far more on 
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the latter than on the former. 
by test. 

As regards machinability, however, it should be noted*that in 
a large number of cases this depends also on the uniformity of the 
structure of the steel. In a soft steel hard spots may be encountered 
which make the machining very difficult. Chromium steels are 
particularly subject to this condition and so are certain kinds of 
cast iron. This condition may be determined at times by taking 
photomicrographs at various spots, but sometimes only by actual 
tests. Attempts have been made to determine the machinability 
of a material by measuring its surface hardness. Such a test may 
give valuable results provided that a sufficient number of spots on 
the surface of a metal are tested, and provided further that the test 
is sufficiently delicate to determine not only the average hardness 
hut also the actual hardness of the entire surface. Where none of 
the short-cut methods are applicable, only an actual trial can be 
used. Where a test for machinability is made the following in- 
formation should be available as supplementary to the actual cutting 
results: Method of casting, forging, or rolling the samples: whether 
or not the casting skin has been removed, as by grinding or pickling; 
what heat treatment, if any, the test piece has been subjected to 
this information is not necessary when dealing with a rolled pred- 
uct, but may be of value in dealing with forged products); what 
cooling liquids, if any, were used in the cutting test; cutting-tool 
material. If cutting tests indicate the presence of hard spots an 
investigation should be made to determine their nature and origin 
as well as the possibility of removing them by proper heat treat- 
ment. 


In new alloys it has to be determined 


Tests for cold and hot working are usually made only when deal- 
ing with new alloys as the behavior of the standard steels under 
these conditions is well known. 


DETERMINATION OF EROSION RESISTANCE 


Erosion is a form of wearing away encountered in guns and the 
blades of steam and gas turbines. While there is no standard test 
for its determination, an article in the Brown-Boveri Review for 
December, 1924, describes a test by which erosion resistance may 
be determined in something like 70 hours. The method consists 
in placing a carefully weighed specimen in such a way that dry 
saturated steam impinges on it at a certain angle. After the test 
the specimen is carefully dried and reweighed, the decrease in 
weight serving as a measure of the liability to erosion of the ma- 
terial concerned. The appearance of the specimen also indicates— 
often very clearly—the erosion strength of a material. 

From this test it has been found that increase in hardness due to 
proper heat treatment produces a notable decrease in the loss due 
to erosion. 


SPECTROSCOPIC ANALYSIS 


Spectroscopic analysis has been primarily used principally for the 
determination of constituents of materials occurring in such minute 
quantities that it is difficult to identify them by ordinary chemical 
analysis. The equipment used in scientific laboratories is entirely 
unsuitable for ordinary metallurgical work, and it is extremely 
seldom that elements occurring in such minute quantities as to 
Warrant the application of spectroscopy affect the structure of metals 
or their properties to an extent that would interest an engineer. 
Lately, however, apparatus has been placed on the market in 
England that enables the presence of nickel and chromium in steel 
to be detected immediately, even by an unskilled observer. It 
is stated that with a few days’ experience with bars of known nickel 
and chromium content, the observer learns to judge the approximate 
percentage present. 

The spectroscope employed consists of a substantial casting with 
two screw-focusing eyepieces at one end and a stout protective glass 
plate at the other. The method of use is extremely simple. In 
the case of the instrument designed for testing bars in the rolling 
mill or warehouse, one bar of carbon steel is held in a suitable wooden 
frame, and the bars to be tested are then placed in position on V- 
Supports one by one as rapidly as possible, connection with the 
electric mains being provided through a suitable resistance giving 
about 5 amperes. Direct current of from 150 to 250 volts is 
necessary. The are is struck by touching both rods simultaneously 
With a third rod of iron or carbon steel (insulated by pushing over 
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one end of it a piece of ordinary rubber tube). Removal of this 
rod strikes the are, and the observer at the spectroscope is able 
to state immediately whether or not the sample contains an im- 
portant quantity of nickel or chromium. With the aid of three 
or four standard samples containing various percentages of nickel 
and chromium he can soon accustom himself to state also the range 
of percentage within which the nickel or chromium content lies:® 
TESTING BY SOUND 

This is one of the oldest tests, the expression “steel that rings 
true” having been used from the oldest days by blacksmiths and 
swordmakers. For various reasons it has not yet developed into 
a practical method of testing, but its possibilities were indicated by 
Prof. Henry M. Howe in his presidential address before the Inter- 
national Association for Testing Materials at the meeting in New 
York in 1912, when he stated: ‘Who shall say that the pitch or 
volume or timbre of sound emitted by a rail as a result of a given 
excitement may not be made to disclose pitilessly its hidden de- 
fects and to measure the fitness not alone of the material of which 
it is composed but of the rail as a whole structure? Or, giving rein 
to our fancy, we hear the inspector report, ‘This 100-story building 
indeed responds to G sharp, but its timbre has this abnormality 
and these harmonics are exaggerated.’ ” 

Sound testing in a somewhat modified form has recently been 
employed to detect flaws developing during the process of forging 
as a result of stresses set up during the heating and the cooling proc- 
esses through which the forging passes in the course of its manu- 
facture. The instrument used does not detect flaws in a cold forg- 
ing. Its operation is based on the fact that flaws of this character, 
which are also called ‘‘clinks,” are accompanied by a ringing noise 
at the time of their formation, and detection of this sound by a 
continually operating recording apparatus forms the basis of the 
“Clink Detector,” as the instrument has been called by the makers. 
The detector is attached to the forging under observation during 
the heating and cooling process, and on a clock-driven recorder 
which is electrically connected to the detector a record is obtained 
of any shock or disturbance occurring in the body of the forging. 
The instrument can also be adapted for recording the temperature 
of the forging during the various processes of manufacture.’ 
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cycles of a range of stress are known as “fatigue” failures. 

Such fatigue failures exhibit a characteristic type of fracture: 
the fracture is highly localized, the adjacent regions show little if 
any evidence of deformation, and part, at least, of the surface of 
fracture often appears crystalline. 

Fatigue failures never occur unless the metal has been subjected 
to a range of stress. The range may be between a tensile and 
compressive stress, as in a piston rod or rotating axle; or it may be 
between zero and a tensile stress, or between a maximum and mini- 
mum tensile stress. Or the range of stress may be torsional, be- 
tween a positive and negative limit, between zero and an upper limit, 
or between a maximum and minimum stress in the same direction. 
“Fatigue” of metals is more dependent on the extent of the stress 
range than on the values of the stress limits. 

The highly localized, often crystalline, fractures observed after 
fatigue failure led to the theory that such failures are due to ‘“‘crys- 
tallization” of the metal. By means of the microscope this theory 
was long ago disproved. We know that all metals are crystalline 
and we know that subjection to a range of stress does not cause 
recrystallization of the metal or growth of the crystals. Neverthe- 
less it is surprising how the erroneous idea of failure by ‘‘crystalliza- 
tion” still persists, even among technical men. Within the past 
few months the Naval Experiment Station has received an inquiry 
from a metallographist in regard to “crystallization” by fatigue. 
An inquiry has also been received from the superintendent of 
motive power of a large railroad for information about the life of 
axles. He contemplated placing a definite time limit on axles in 
service and removing them before they crystallized and failed. 

The microscope reveals the real mechanism of fatigue failure. 
To understand this mechanism it is necessary to understand the 
mechanism of the plastic deformation of metals. The microscope 
shows that all metals are made up of irregularly shaped grains, each 
of which is a crystal. Fig. 1 shows such irregularly shaped grains 
in fully annealed nickel. When a metal is plastically deformed each 
of the crystals is deformed. Cold-rolling, for example, elongates 
the crystals in the direction of rolling. This is illustrated by Fig. 2, 
which shows the microstructure of cold-rolled nickel. 

The specimen shown in Fig. 2 was polished and etched after the 
cold work had been done. If, however, a specimen be polished and 
etched and then slightly deformed, the mechanism of the crystal 
deformation is made apparent. The same specimen of annealed 
nickel that is shown in Fig. 1 was again plastically deformed by 
squeezing it in a vise. The effect of the deformation on the micro- 
structure is shown in Fig. 3. In each grain are “slip lines” due to 
gliding of the metal along planes of crystal symmetry, such as 
planes parallel to a face of an octahedron or cube. The “slip” of 
a crystal along a series of parallel planes of symmetry is similar to 
the interfacial sliding of cards in a pack. It will be noticed in Fig. 
3 that throughout each grain the slip lines form one or more series 
of parallel lines, but that the direction of the slip lines varies from 
grain to grain. The grains, therefore, are crystals arranged with 
random orientation. 

Slipping of a crystal along planes of symmetry strengthens these 
planes and hardens the metal. The hardening of a metal by cold- 
working has been explained on the assumption that relatively strong 
amorphous metal is formed along the gliding planes, and that this 
strong interfacial cement offers increased resistance to further gliding. 

When cold-worked metal is heated to a temperature that de- 
pends on the material and on the degree of cold-working, recrystal- 
lization begins. New grains appear at the boundaries and on the 

1 Presented by permission of the Secretary of the Navy before the Balti- 
more Local Section of THe AMERICAN Society oF MECHANICAL ENGINEERS, 


Baltimore, Md., November 1, 1924, and later revised. 
2 Metallurgist, U.S. Naval Engineering Experiment Station, Annapolis, Md. 
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slip planes of the original grains that have been distorted by cold- 
working. With increase in the temperature or time of anneal, the 
new grains increase in number and size at the expense of the old 
distorted grains, until finally the material is entirely recrystallized 
With further increase in temperature or time of anneal the recrystal- 
lized grains increase in size. 

The effect of temperature of anneal on cold-worked nickel is 
illustrated by Figs. 1, 2, 4, 5, 6 and 7. When the material shown 
in Fig. 2 is annealed for 30 min. at 1100 deg. fahr., the first evi- 
dences of recrystallization are visible. As shown in Fig. 4, a few 
dark streaks and patches appear; these consist of many small new 
grains. After annealing at 1175 deg. fahr. the new grains have 
increased in size and number as shown in Fig. 5. After further 
increase in temperature of anneal to 1200 deg. fahr., the proportion 
of recrystallized grains has increased at the expense of the original 
distorted grains as shown in Fig. 6. After annealing at 1225 de 
fahr., most of the material has recrystallized as shown in Fig. 
a few large, distorted grains, however, are still visible. After 
further increase in the temperature of anneal to 1550 deg. fahr 
the material as shown in Fig. 1 has entirely recrystallized and there 
has been considerable growth of the recrystallized grains. 

When a crystal is subjected to a cyclic range of stress of sufficient 
magnitude, microscopic cracks start, probably at regions where 
slip has occurred. These microscopic cracks spread and combine 
until the section is so weakened that it fails. 

It is important to know something about the various factors 
that cause fatigue of metals. By knowledge of these factors it is 
possible to determine what qualities a metal should have to with- 
stand fatigue under various conditions of service. These qualities 
have been designated “endurance properties of metals.” 


cr 
‘ 


ReEcENT INVESTIGATIONS OF ENDURANCE PROPERTIES OF METALS 

An investigation of fatigue of metals was made by Wohler about 
1871,* and scattered researches have been made at intervals since 
Wohler’s time. It is only within the past five years, however, that 
intensive investigation has been made of the endurance properties 
of metals in the light of the knowledge of heat-treatment based on 
metallography. For the past five years this subject has been in- 
vestigated at the University of Illinois,**®7 at the Naval Experi- 
ment Station,®-% 91! 12,13,14,15,16,17 and at other laboratories. Until 





’ Investigations by Wohler and others are discussed by W. C. Unwin in 
The Testing of Materials of Construction, chap. xvi, 1910. 

*H. F. Moore and J. B. Kommers, An Inves‘igation of the Fatigue of 
Metals. Bulletin 124, University of Illinois, vol. 19, no. 8, October 24, 1921 

* H. F. Moore, J. B. Kommers, and T. M. Jasper, Fatigue or Progressive 
Failure of Metals under Repeated Stress. Proc. A.S.T.M.., vol. 22, part 2, 1122. 

*H. F. Moore and T. M. Jasper, An Investigation of the Fatigue of 
Metals. Bulletin 136, University of Illinois, vol. 20, no. 37, May 14, 1923. 

7 H. F. Moore and T. M. Jasper, An Investigation of the Fatigue of Metals. 
Bulletin 142, University of Illinois, vol. 21, no. 39, May 26, 1924. 

’D. J. McAdam, Jr., Endurance of Steel under Repeated Stresses. 
Chem. & Met. Eng., Dec. 14, 1921. 

® Discussion by D. J. McAdam, Jr., of paper’ by H. F. Moore, J. B. Kom- 
mers, and T. M. Jasper. Proc. A.S.T.M., vol. 22, part 2, 1922. 

10D. J. McAdam, Jr., Endurance Properties of Steel: Their Relation to 
Other Physical Properties and to Chemical-Composition. Proc. A.S.T.M., 
vol. 23, part 2, 1923. 

11 —D. J. McAdam, Jr., Endurance Properties of Corrosion-Resistant Steels. 
Proc. A.S8S.T.M., vol. 24, part 2, 1924. 

12 Third Preliminary Report of the Joint Committee on Investigation of 
Phosphorus and Sulphur in Steel: Effect of Sulphur on Endurance Prop- 
erties of Rivet Steel. Proc. A.S.T.M., vol. 24, part 1, 1924. 

18D. J. McAdam, Jr., The Endurance Range of Steel. Proc. A.S.T.M., 
vol. 24, part 2, 1924. 

14D. J. McAdam, Jr., Accelerated Fatigue Tests and Some Endurance 
Properties of Metals. Proc. A.S.T.M., vol. 24, part 2, 1924. 

15 PD), J. McAdam, Jr., Endurance Properties of Alloys of Nickel and of 
Copper, Part 1. Trans. Am. Soc. for Steel Treating, Jan., 1925. 

1¢ Tbid., Part 2, Feb., 1925. 

17 Tbid., Part 3, May, 1925. 
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very recently, chief attention has been given 
to investigation of the effects of a range 
of stress between equal positive and nega- 
tive values. Moreover this investigation 
of the effects of alternating stresses has 
until within the last year been confined 
chiefly to steel, and only within that period 
has definite knowledge been obtained of 


the endurance properties of non-ferrous 
metals. 13,14,15, 16,17 


left-hand portion of each graph is definitely 
shown without making the entire graph ex- 
cessively long. Moreover, on a semi-loga- 
rithmic scale it is possible to prolong a 
graph approximately by extrapolation toa 
position representing many times the ex- 
perimentally determined cycles. This 
would not be possible with ordinary co- 
ordinates. 


THE ENDURANCE LIMIT OF STEEL 
INVESTIGATION OF ENDURANCE PROPER- 
TIES OF METALS AT THE NAVAL 
I:XPERIMENT STATION 


Typical graphs obtained with carbon 
and alloy steels heat-treated in various 
ways are illustrated by Figs. 9 to 12. in 
clusive. The chemical composition of these 
steels is given in Table 1, details of heat- 
treatment are given in Table 2, tensile 
properties in Table 3, and torsional proper- 


Endurance properties of metals have 
been investigated at the Naval Experi- 
ment Station by means of a rotating-canti- 
lever specimen. The specimen designed 














at the Naval Experiment Station*!®" = P ties in Table 4. Each small circle in these 
(Fig. 8) has a conical taper so that the Fie. 7 Nicket ANNEALED aT 1225 Dec. Fanr. _ figures represents the stress and number 
stress is uniform within 1'/, per cent over x 100 of cycles endured by one specimen. A 
a length of 1'/2in. In testing such a speci- broken line is drawn through each series of 


men the large end is held firmly in the axis of a rotating holder and _ small circles to represent average stress-cycle relationship. The steel 
bending stress is produced by a known weight supported from the represented by Fig. 9 was so uniform that the small circles are lo- 
other end by a bearing. Alternating torsion tests have also been cated on or adjacent to the broken-line curve. The steels repre- 
made by means of a machine of the inertia type developed at the sented by Figs. 10 to 12 also are of more than average uniformity. 
Naval Experiment Station.'8 Such material was purposely selected so as to show clearly the form 
The results of each test are recorded on a stress-cycle graph. A of the typical stress-cycle graph. The steels represented by Figs. 
semi-logarithmie scale is most convenient. With this scale the 9 to 12 had been heated above the critical range and cooled as indi- 
“8D, J. McAdam, Jr., A High-Speed Alternating Tension Testing Ma- cated in the figures. : 
chine. Proc. A.S.T.M., vol. 20, part 2, 1920. Fig. 9 shows results obtained with steel having about 0.24 per 
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cent carbon.'® As shown in this figure, the slope of the stress- 
cycle graph decreases rapidly with decrease in stress until it becomes 
nearly horizontal between abscissas representing one and ten million 
cycles. The fact that beyond this point the curves are nearly if 
not quite horizontal is shown by the two specimens for each graph 
that remained unbroken after enduring several hundred million 
cycles. The stress at which the stress-cycle curve becomes nearly 
horizontal is known as the “endurance limit.’”” The endurance 
limit. of Material 0-3 is 26,000 and of Material 0-5 is 22,500 lb. 
per sq. in. 

Fig. 10 shows results obtained with steel having 0.46 per cent 
earbon. The curves are arranged in order of decreasing tensile 


ratios of rotating-cantilever endurance limit to tensile strength 
(endurance ratios). This ratio for the steels listed varies from about 
0.4 to 0.5. It is highest in heat-treated alloy steels. The alter- 
nating-torsion endurance limit for steels is usually about half the 
rotating-cantilever endurance limit. 

The endurance limit of steel has little if any relationship to the 
proportional limit or elastic limit. Nevertheless it can be shown 
that a high elastic limit is an advantage for a machinery part whose 
usefulness depends on its endurance. In general, increasing the 
elastic ratio by heat-treatment results in a slight increase in the 
“endurance ratio.’ Moreover a high elastic ratio offers another 
advantage which will be discussed later. 


TABLE 1 PERCENTAGE CHEMICAL COMPOSITION OF MATERIALS TESTED 





Material 
desig- 
Material nation Cc Mn P Ss Si Ni Cr Cu Sn Zn Fe Pb 
ee éoees axe | an 0.24 0.45 0.009 0.007 i 
eer ‘ 7 we wm eee 0.46 0.68 0.015 0.021 0. il 0.13 
Nickel steel. ‘ . ‘ " a 0.31 0.64 0.026 0.028 0.13 3.35 
Chrome- nickel steel. : Sor 0.41 0.44 0.010 0.022 0.27 1.89 1.05 
Nickel, cold-rolled... . or cz 0.10 0.07 nee 0.018 0.07 99.07 0.20 0.47 
Nickel, cold-rolled. . ; A 0.25 0.10 aA 0.175 0.06 98.95 0.12 0.50 
Monel metal, cold-rolled BK 0.26 0.258 0.023 0.0063 0.065 76.66 21.28 1.40 
Nickel-copper alloy CU 0.016 0.36 0.006 0.009 0.002 55.23 44.18 0.44 
Constantan, cold-rolled CV 0.078 0.89 : ; oe 44.77 53.71 0 66 
Copper, cold-drawn............. CL None 0.02 None 
detec ted 
Alpha copper-tin alloy, cold-drawn..... CK 0.026 95.0 5.06 0.038 0.01 
Copper-nickel-zine alloy, cold-drawn... CH 17.63 65.3 17.15 0.23 
Copper-zinc-nickel alloy, cold-drawn... CG 10.89 60.08 29.05 9.20 
TABLE 2 DETAILS OF HEAT TREATMENT OF MATERIALS TESTED HE ENDURANCE RANGE OF STEEL 
Heated Time Reheated Time — ‘ - ; 
Material to— _held, to held, Cooled rhe results shown in Figs. 9 to 12 were obtained with 
Material designation deg. fahr. min. Cooled in deg. fahr. min. in - 7 
Carbon steel . O88 1600 30. sO il 1100 30 Furnace 4% Stress range between equal tensile and compressive 
Carbon steel 0-5 1600 30 Furnace 7 mee : stress: i > , S ‘re we . og ne y 
poe ween AD-6 1475 ae ce ae tress; in other words, there was compl te reversal of 
Carbon steel AD-7 1475 60 Oil 1200 120“ Furnace stress per cycle. Endurance tests with incomplete re- 
Carbon steel AD-1 1450 120 Furnace ; ; ee ae, : ne si : 
Wisiat etect Q-3 1475 20 ~—OOil 1200 20 Furnace _-Versal of stress per cycle were made by Wohler, and since 
. -nicke _ AK. 55 5 ‘ 20 20 ? ace 2 
eee. ae rr ea fo iter, 1200, 120 Furnace then have been made by several other experimenters. 
Nickel, cold-rolled CT-5.5 550 60 Furnace As ares se Experiments varvine c a _ 
Nickel, cold-rolled CT-11 1100 60 Furnace As a result of these * xpe — nts varying ¢ om lusions have 
Nickel, cold-rolled , Als 1600 60 Furnace been drawn. In discussing these conclusions the follow- 
Monel metal, cold-rollec BK-1 600 60 Furnace : ° was E 
Soauiveane, cold-rolled CV-14.5 1450 60 Furnace ing terms with definitions suggested by the author will 
TABLE 3 AVERAGE RESULTS OF STATIC TENSION TESTS 
(Each value is average of two specimens except as indicated.) 
Yield point, Propor- 
Tensile Johnson's Ib. per Proof Elastic tional Elonga Reduc 
Material strength, limit, Sq. in stress limit limit, tion in tion of 
desig- Ib. per Ib. per (drop of Ib. per Ib. per Ib. per 2 in., area 
Material nation Heat treatment sq. in sq. in beam) sq. in sq. in sq. in per cent percent 
Carbon steel rere eT. jee, an Quenched and drawn 66,000 42,250 ‘a : 39,2 50 38.5 69.2 
Carbon steel Se eee ee Annealed 55,120 ole 33,600 31.250 38.7 60.6 
Cashom steel... ...ccceees ee AD-6 Quenched and drawn 115,000 70,000 ; ' 70,000 22.3 50.0 
Carbon steel TAR ee ree Quenched and drawn 105,080 65,350 3 65,350 26.3 55.0 
Carbon steel... eee oe erty Annealed 75,000 41,000 39,000 34.8 5B 5 
Nickel steel. Pewee Q-3 Quenched and drawn 97,500 i 80,000 79.000 26.0 67.5 
Chrome-nic kel steel. mf ; AK-4 Quenched and drawn 127,800 116,000 110,500 24.3 61.8 
Chrome-nickel steel . , ‘ AK-1 Annealed 102,400 61,500 56.000 26.8 56.3 
Nickel, cold-rolled. ... ‘ cr As received T115,800 +78,300 : 77,100 767,900 161,900 116.3 436.9 
Nickel, cold-rolled CT-5.5 Annealed *113,900 *77,300 ; *75,000 *56,000 *53,300 *16.3 *37.5 
Nickel, cold-rolled CT-11 Annealed *100,500 *61,700 *62,300 *50,000 *45,300 *22.5 *49 7 
Nickel, cold-rolled A-16 Annealed 70,400 _ 14,300 6,000 ** 417.8 54.8 
Monel metal, cold-rolled BK-1 Annealed 77,100 ** ; 21,300 15.000 + 180 64.3 
Nickel-copper alloy CU As received 65,400 22,800 23,300 19.600 17.300 17.0 775 
Constantan, cold-rolled CV As received 103,300 ; 54,700 32.400 * 14.8 701 
Constantan, cold-rolled CV-14.5 Annealed 69,400 24, ‘500 25,400 23,800 21,000 48.3 79.0 
Copper, cold-drawn , CL As received 40,400 : 19,000 5,000 ** 27.0 66.8 
Alpha copper-tin alloy, cold-drawn CK As received 62,900 we 25,000 7.500 * 32.5 73.8 
Copper-nickel-zinc alloy, cold-drawn... CH As received 62,400 33,500 38,000 22,500 20.300 280 49.6 
Copper-zinc-nickel alloy, cold-drawn... CG As received 58,700 28,500 31,500 22,500 12,500 49.5 59.0 





* Average of three determinations. 
+ Average of six determinations. Sa 
** Stress-strain graph curved from origin. 


strength as listed in Table 3. It will be noticed that the “endurance 
limits’”’ also decrease with decrease in tensile strength. The steep- 
ness of the left-hand side of each graph also decreases with decrease 
in tensile strength and proportional limit. 

Fig. 11 shows results obtained with heat-treated nickel steel.!9 
The stress-cycle graph consists of a curve with gradually decreasing 
slope ending in a nearly horizontal, practically straight line. 

Fig. 12 shows results obtained with chrome-nickel steel. The 
endurance limit of the quenched and tempered material is about 
67,000 lb. per sq. in. and of the annealed material, about 49,500. 

The graphs shown in Figs. 9 to 12 are all of the same general form, 
although the curvature of the left-hand portion varies. All these 
graphs representing typical steels become practically horizontal 
at between one and ten million cycles. 

Table 5 shows the relationship of the endurance limit to other 
physical properties. The endurance limits of the steels illustrated 
in Figs. 9 to 12 are given in column 8. In column 11 are listed the 


be used.!° By the “endurance range” is meant the algebraic ai 
ference between the maximum and minimum stress per cycle for : 
limiting range of stress within which the specimen will not fail by 
fatigue. For complete reversal of stress per cycle, for example, 
the endurance range is twice the endurance limit. The endurance 
range in this position will be called the “alternation endurance 
range.”' The endurance range between zero and a maximum 
stress will be called the “repetition endurance range.’ 

Moore and Jasper® investigated the endurance range of steel 
with widely varying ratios of maximum to minimum cyclic stress. 
They used a rotating specimen that could be loaded as a cantilever 
and subjected at the same time to uniform tensile stress by means 
of a spring. Their results as interpreted by them indicate that the 
repetition endurance range is only about three-fourths the alterna- 
tion endurance range. About the same time that Moore and Jas- 
per’s results were published the author, asa result of some prelimin: wry 
experiments to determine the “length of the endurance range in 
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various pr sitions within TABLE 4 eee OF STATIC TORSION TESTS 
. ndividual results 
and just beyond the edge s) Reiiteat 
of the elastic range,” — Nominal Pro- be “ Angle of 
pressed the conclusion that , torsional Johnson’s portional at pro- twist per 
ae et Material strength, limit, limit, portional linear in. 
the “variation of the en- desig- Ib. per Ib. per Ib. per limit, at break, 
durance range within the Material nation Heat treatment sq. in. sq. in. sq. in. min. deg. 
re = ‘ 59 Carbon steel 0-3 Quenched and drawn 53,440 22,940 20 327 
elastic range is slight. Carbon steel O-5 Annealed 46,640 ee 14,490 12 360 
The statement was also Carbon steel. AD-6 Quenched and drawn 87.900 43,500 ~— 41,100 30 295 
: - Carbon steel AD-7 Quenched and drawn 69,600 36,400 34,000 25 180 
made that within the Carbon steel AD-1 Annealed 58.000 21,700 19,300 15 182 
ae es = } : neti Nickel steel Q-3 Quenched and drawn 67,920 Maes 45,880 37 360 
elastic range the repe I-  Chrome-nickel steel AK-4 Quenched and drawn 75,900 70,200 66,100 58 198 
tion endurance range is  Chrome-nickel steel AK-1 Annealed 74,100 31,200 28,800 29 221 
Nickel, cold-rolled CT As received 81,500 58,000 36,200 75 550 
apparently not more than Nickel, cold-rolled. . . CT-5.5 Annealed 85,600 58,000 50,700 120 623 
al t 10 per cent less ths Nickel, cold-rolled. . . CT-11 Annealed 73,400 * * * 710 
abou per cent less than — Nickel; cold-rolled A-16 Annealed 55,700 * = . 348 
»¢ rat , anc Monel metal, cold-rolled BK-1 Annealed 67,900 * * * 634 
é € é mm enaurance , : - ’ 
the alternation end ew Nickel-copper alloy Cl As received 59,800 19,300 9,700 10 923 
range. A more complete Constantan, cold-rolled CV As received 65,000 * * S 820 
investigati f the tor Constantan, cold-rolled CV-14.5 Annealed 55,700 * * ? 914 
Investigation O i or- Copper, cold-drawn , ch As received 31,000 * * * 759 
sion endurance range,'* Alpha copper-tin alloy, cold-drawn, CK As received 50,700 - * . 618 
7 ; ‘ B .  Copper-nickel-zine alloy, cold-drawn CH As received 48,450 a * * 533 
including a number of — Copper-zinc-nickel alloy, cold-drawn eG As received 51,600 29,000 14,500 20 637 
carbon and alloy steels * Stress-strain graph curved from origin. 
TABLE 5 RELATIONSHIP OF ENDURANCE LIMITS TO OTHER PHYSICAL PROPERTIES 
(Each value is average of two specimens except as indicated.) 
1 2) (3) (4) 5) (6) (7) (8) (9) (10) (11) 
En- 
Average Average Average Modulus Endurance -—Static ratios—~ durance 
tensile torsional shearing °o limit ratio 
Material strength, strength, strength, elasticity, Ib. persq.in. Col.5 Col. 6 Col. 8 
desig Ib. per Ib. per lb. per Ib. per rotating to to to 
Material nation Heat treatment sq. in. sq. in. sq. in. sq. in. cantilever Col.4 Col. 4 Col. 4 
Carbon steel 0-3 Quenched and drawn 66,000 53,400 26,000 0.81 = 0.39 
Carbon steel oe O-5 Annealed 55,120 ee © “wexe  . Baeiderminacs 22,500 0.81 ere 0.41 
Carbon steel AD-6 Quenched and drawn 115,000 ne eee 49,500 0.76 = .43 
Carbon steel AD-7 Quenched and drawn 105,080 69,590 46,500 0.66 a 0.44 
Carbon steel AD-1 Annealed 75,000 57,960 35,000 0.77 ae 0.47 
Nickel steel Q-3 Quenched and drawn 97,500 67,920 48,500 0.70 E 0.50 
Chrome-nickel steel : AK-4 Quenched and drawn 127,800 75,880 66,500 0.59 - 0.52 
Chrome-nickel steel AK-1 Annealed 102,400 74,140 49,500 0.72 os 0.48 
Nickel, cold-rolled ; ty As received +115,800 *81,500 ee 38,000 0.70 0.57 0.32 
Nickel, cold-rolled CT-5.5 Annealed **113,900 *85,600 ee 38,000 0.7 0.62 0.33 
Nickel. cold-rolled CT-11 Annealed 100,500 *73,400 ee ae 36,500 0.73 0.65 0.36 
Nickel, cold-rolled A-16 Annealed 70,400 *55,700 i, eee 25,500 0.79 0. 72 0.36 
Mone! metal, cold-rolled BK-1 Annealed 77,100 *67,900 ee ore 26,000 0.88 0.72 0.33 
Nickel-copper alloy Cl As received **6§5,400 *59, 800 ere 26,500 0.91 0.73 0.40 
Constantan, cold-rolled CV As received 103,300 *65,000 59,400 43,000 0.63 0.58 0.42 
Constantan, cold-rolled CV-14 Annealed 69,400 *55,700 os bs 9 Ce 28,000 0.80 0.72 0.40 
Copper, cold-drawn CL As received 40,400 *31,000 25,400 t16,600,000 12,500 0.77 0.63 0.31 
Alpha copper tin alloy, cold-drawn CK As received 62,900 *50,700 41,600 TT 20,000,000 27,000 0.81 0.66 0.43 
Copper-nickel-zine alloy, cold-drawn CH As received 62,400 48,450 40,900 ae eae 22,000 0.78 0.66 0.35 
Copper-zine-nickel alloy, cold-drawn CG As received 58,700 51,600 a nr oe ere 17,000 0.88 0.68 0.29 


* One determination only ** Average of three determinations t Average 


heat-treated to produce a high elastic ratio, led to the conclusion 
that for steel the variation of the torsion endurance range within 
the elastic range is not more than about 5 per cent. In this later 
paper the results of Moore and Jasper were discussed, with the con- 
clusion that a right interpretation of their results might indicate 
that the variation of the bend endurance range is no greater than 
the variation of the torsion endurance range within the elastic 
range. 

In a later bulletin? Moore and Jasper confirm the results obtained 
by the author on the torsion endurance range, but still hold to their 
conclusions that the bend endurance range decreases with departure 
from the middle of the elastic range. Since most of their results, 
however, were obtained with steels of low elastic ratio, it is hoped 
that they will make further experiments to determine definitely 
whether or not the constant-range relationship holds for a tension- 
compression or bend endurance range as it does for a torsion en- 
durance range. 

The fact that the torsion endurance range for steels is nearly 
independent of the position of the endurance range within the 
elastic range shows that there is an advantage in the use in shafting 
of material with a high elastic ratio. Although the endurance 
range of a metal depends chiefly on its tensile strength, with steel 
of high elastic ratio the position of the endurance range within the 
elastic range can be varied greatly. With steel of low elastic ratio, 
however, the full endurance range can be secured only with complete 
or nearly complete reversal of stress per cycle. 


ENDURANCE PROPERTIES OF NON-FERROUS METALS 


Investigation of the endurance properties of non-ferrous metals 
and alloys had not advanced far before it became evident that for 
such investigation individual endurance tests of only a few million 
cycles would not usually be sufficient. Stress-cycle graphs for non- 
ferrous metals do not usually become nearly horizontal at abscissas 
of one to ten million cycles as do stress-cycle graphs for steels. 


of seven determinations. 


tt One determination from 2-in.-gage-length specimen. 


68% 





Fig. 8 RovTatinc-CANTILEVER SPECIMEN USED IN ENDURANCE TESTS 


This is illustrated by a comparison of the graphs for non-ferrous 
metals in Figs. 13 to 16,'5!%!7 inelusive, with the graphs for steels 
in Fig. 9 to 12, inclusive. 

Fig. 13 shows results obtained with cold-rolled nickel, Materia's 
CT and A. The upper graph in Fig. 13 shows results obtained 
with Material CT as received and with the same material after 
annealing at 550 deg. fahr. (Material CT-5.5). It will be observed 
that annealing at 550 deg. fahr. has not appreciably changed the 
endurance properties. The form of the average stress-cycle graph 
is similar to the form of the stress-cycle graphs for steels, Figs. 9 
to 12. The stress-cycle graph for nickel, however, does not become 
practically horizontal before it reaches an abscissa of 50,000,000 
cycles. The zigzag line with a small circle at the upper end repre- 
sents the course of a single endurance test in which the specimen 
endured a stress of 38,000 lb. per sq. in. for about 60,000,000 cycles. 
The stress was then raised repeatedly by steps of 1000 lb. per sq. 
in. until finally the specimen broke at a stress of 47,000 Ib. per sq. 
in. after enduring a total of nearly 100,000,000 cycles. Evidently 
this specimen would have endured many hundred million cycles at 
the original stress. Similar zigzag lines in following figures have 
similar significance. 

The middle graph of Fig. 13 shows results obtained with the same 
material after annealing at 1100 deg. fahr. (Material CT-11). Its 
form is similar to that of the upper graph and the endurance limit 
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is practically the same, although, as shown in Table 3, the tensile 
strength is somewhat lower. 

The lower graph in Fig. 13 shows results obtained with fully an- 
nealed nickel, Material A-16. Annealing at 1600 deg. fahr. has 
lowered the tensile strength and the endurance limit. The individ- 
ual results coincide with a smooth curve that evidently becomes 
practically horizontal at an abscissa of 50,000,000 cycles, although 
there is apparently a very slight downward slope between abscissas 
of fifty and one hundred million cycles. 

‘ig. 14 shows results of endurance tests on three alloys of nickel 
and copper. The uppermost graph shows the endurance properties 
of cold-rolled and fully annealed monel metal. This graph evi- 
dently becomes practically horizontal at an abscissa of about 
50,000,000 cycles. The next highest graph in Fig. 14 represents 
an alloy having about 55 per cent nickel and 45 per cent copper. 
This graph evidently becomes nearly horizontal at an abscissa of 
50,000,000, and the slope is slight beyond an abscissa of 20,000,000. 

The lower two graphs of Fig. 14 represent cold-rolled constantan 
(about 45 per cent nickel, 55 per cent copper). For Material CV 
(as received) the left-hand part of the graph is steeper than for 
Material CV-14.5 (annealed). Both of these graphs become nearly 
horizontal at more than 50,000,000. For the 
annealed material the slope of the graph beyond an abscissa of 
10,000,000 cycles is very slight. 

Fig. 15 illustrates endurance properties of cold-drawn copper 
and a cold-drawn copper-tin alloy. 
nearly horizontal at an abscissa of about 20,000,000 cycles. The 
slope of the graph for the copper-tin alloy is evidently slight beyond 
about 10,000,000 cycles and the graph becomes practically hori- 
zontal beyond about 20,000,000 cycles. The endurance limit of 
the copper-tin alloy is about twice that of the copper. 

Fig. 16 shows the endurance properties of two copper-nickel-zine 
alloys (german silvers). The graphs for these ternary alloys are 
similar in form to those for metals and binary alloys. 
evidently becomes practically horizontal at an 
than 50,000,000 cycles. 

A comparison of the graphs for non-ferrous metals, Figs. 13 to 
16, with the graphs for steels, Figs. 9 to 12, makes it evident that 


abscissas of not 


The graph for copper becomes 


Each graph 
abscissa of not more 
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the form of the typical stress-cycle graph is the same for a non- 
ferrous as for a ferrous metal. The typical graph consists of a 
curve of gradually decreasing slope ending in a practically horizontal 
line. The abscissa at which the graph becomes practically hori- 
zontal varies from one to ten million cycles for steels and from 
about ten to fifty million cycles for non-ferrous metals. Investi- 
gation of a great variety of non-ferrous metals has not disclosed 
any metal the endurance limit of which cannot be determined by 
individual endurance tests of not more than 50,000,000 cycles. 
lor some non-ferrous metals the stress-cycle graph evidently slopes 
slightly downward between abscissas of fifty and one hundred 
million cycles. When there is a slope between these abscissas, 
however, it is so slight that the ordinate does not vary more than 
about 2 per cent. Beyond an abscissa of 100,000,000 cycles, if 
there is any downward slope, it is so slight that it can be disregarded 
in the determination of practical endurance limits for non-ferrous 
metals. 


E-rrectT or CoLtp-WoRKING ON ENDURANCE PROPERTIES OF METALS 


When metal is cold-rolled or cold-drawn the microstructure is 
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altered as illustrated by a comparison of Figs. 1 and 2. At the 
same time the strength of the metal is increased and the ductility 
decreased. Until recently, however, the effect of cold-working on 
the endurance limit was not known. The author asa result of experi- 
ments described in a previous publication'®!7 recently determined 
that by moderate cold-working the rotating-cantilever endurance 
limit is increased in proportion to the increase in tensile strength. 
$y severe cold-working, however, the endurance limit of nickel 
and probably of other metals is not increased in proportion to the 
increase in tensile strength. 


The boundary between ‘‘moderate’”’ 
and 


cold-working for nickel is the degree of cold-working 
that will increase the tensile strength 40 or 50 per cent above that 
of fully annealed material. With increase of the degree of cold- 
working beyond this boundary the increase in the rotating-canti- 
lever endurance limit is. slight. 


“severe” 


The boundary between severe 
and moderate cold-working for other metals is being investigated. 


T —1 








} | e+. 
} *) | Boe 
| \ 
| Se 
| Chey 
\ 
" 
| Legend } 
r aS es I 
e ° y on 
| ‘ f fi 
} OT +4 
| 2 4 
| ; 
| . 
| +4 
= \ 
£ 
SS Save \ 
| eel, 
| [peal | 
| rs \ 
| Yh 
| TX a 
\ I Secs I 
JB aes ee 
\ 
| .) 
} + 
mw } 
| a 
\ i {~~ 
? ra 
+) peter -~ . j 
} 
he 


_—— ene 


Fie. 17) Errecr or Coutp-WoRKING AND ANNEALING ON THE 


PHYSICAL 
PROPERTIES OF MATERIAL A 

Kew experiments have been made on the effect of cold-working 
the alternating-torsion endurance limit. The experiments 

indicate, however, that the alternating-torsion endurance limit is 

only slightly increased by cold-working alone, though it is possible 

to increase it by cold-working and then annealing so as to produce 

incipient recrystallization. 


on 


Errect oF Co_p-WorRKING AND ANNEALING ON ENDURANCE AND 
OTHER PHYSICAL PROPERTIES 


The effect on the microstructure caused by annealing cold- 
worked nickel at various temperatures is illustrated by Figs. 4 to 
7, inclusive, and Fig. 1, and has been discussed. The effect of tem- 
perature of anneal on some physical properties of the same bar of 
nickel is illustrated by Fig. 17.*!7_ In this figure, abscissas repre- 
sent temperature of anneal and ordinates represent various physical 
properties. 

The uppermost graph in Fig. 17 represents the effect of tem- 
perature of anneal on the tensile strength. As illustrated by this 
graph, the downward slope of the curve increases with increase in 
temperature of anneal up to a temperature of about 1000 deg. fahr. 
Between 1000 and 1100 deg. the tensile strength decreases very 
rapidly. Above about 1100 deg. the slope of the curve decreases 





572 


rapidly, and above about 1200 deg. the slope is slight. The curve 
of shearing strength is similar in form to the curve of tensile strength, 
and the steepest part of the curve occurs at the same temperature 
range. The steepest part of these curves corresponds to the tem- 
perature range within which recrystallization occurs as illustrated 
by Figs. 4 to 7, inclusive. 

The lower two graphs of Fig. 17 illustrate the effect of temperature 
of anneal on the rotating-cantilever endurance limit and on the 
ratio of endurance limit to tensile strength (endurance ratio). 
With increase in the temperature of anneal the endurance limit 
remains constant up to a temperature of 1000 to 1100 deg. fahr., 
the temperature of incipient recrystallization. At this temperature 
the endurance limit increases about 9000 Ib. per sq. in., although 
the tensile strength has been considerably lowered. With further 
increase in temperature of anneal, the endurance limit decreases in 
proportion to the decrease in tensile strength. The endurance 








"it A ag 
Yt 4 4 i PL Z 
} rs 
} - { 
eqe , X 
ae es, ae ie + 
| . ¥ ‘ 
ii | 9. \ 
: x C) 
oo}— * -f/@ % 4 4 4 
a-! y 
Y 
> 1 
= “60; + + 4 
a ee i \ 
ie ike = ne wees 
: 70h toads : t 
P oo 
60 4 —a Ss | sa 
oe ~ a 
‘ 
J 4 ! 
a 40 7 + a * + + 
= ol NS 
Vv? er 
30} : _— 
} iF , 
| 
>y}— as 1 | 
= Cf 
bt 
oe 
[ | tr 
| | 
‘a ae es en ee es a Se 
| 
© 0.4 —Frou e fotio— it | } 





Fie. 18 Errect oF Co_tp-WorRKING AND ANNEALING ON THE PHYSICAL 
PROPERTIES OF NICKEL MATERIAL CT 


ratio at the temperature of incipient recrystallization increases 
abruptly nearly to the value for fully annealed nickel. 

It should be noted that Material A, illustrated by Fig. 17, is 
severely cold-worked material. Its tensile strength is more than 
twice that of fully annealed material. As shown by the lower two 
graphs of Fig. 17, the endurance limit of the severely cold-rolled 
nickel has not been increased above that of fully annealed nickel 
in proportion to the increase in tensile strength. 

Fig. 18'*.!7 illustrates the effect of temperature of anneal on less 
severely cold-worked nickel, Material CT. The tensile strength 
of this cold-rolled nickel is about 60 per cent greater than that of 
fully annealed nickel. The uppermost graph of Fig. 18 shows the 
effect of temperature of anneal on tensile strength. The curve is 
similar to the curve of tensile strength for Material A, Fig. 17, 
except that the steepest part occurs at a somewhat higher tempera- 
ture. In general, the temperature of the recrystallization range is 
lower the greater the degree of cold-working. 

The curves of “proof stress” and “elastic limit” are similar in 
form to the curve of tensile strength. By “proof stress” is meant 
the stress that causes permanent elongation of 0.0002 in. on a 2-in. 
gage length. By “elastic limit” is meant the highest stress that 
causes no permanent deformation. 

The rotating-cantilever endurance limit is unaffected by increase 
in the temperature of anneal until the temperature of incipient 
recrystallization (1000 deg. fahr.) is reached. At this temperature 
the endurance limit increases slightly, although the tensile strength 
has been somewhat lowered. Above this temperature the endur- 
ance limit decreases in proportion to the decrease in tensile strength. 
As shown by the lowest graph of Fig. 18, the endurance ratio at the 
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temperature of incipient recrystallization rises abruptly to about 
the value for fully annealed nickel. 

A comparison of Figs. 17 and 18 shows that the difference between 
the endurance ratio of nickel as rolled and nickel fully annealed is 
greater for Material A than for the less severely cold-worked Ma- 
terial CT. Numerous experiments on moderately cold-worked 
material have shown that the rotating-cantilever endurance ratio 
is not decreased by moderate cold-working. 

In a recent paper,'? graphs are shown illustrating the effect of 
degree of cold-working on the endurance properties of nickel. 
Investigation of the subject is being continued. 


INFLUENCE OF CHEMICAL COMPOSITION ON ENDURANCE PROPERTIES 
OF METALS 


The influence of chemical composition and heat-treatment on 
the endurance properties of steel is too large a subject to be consid- 
ered here. The influence of chemical composition on the endurance 
properties of alloys of nickel and of copper has recently been dis- 
cussed by the author in a series of papers.'®!©' In order to 
estimate the effect of chemical composition of alloys it is necessary 
to make allowance for the effect of cold-working. This may be 
done by determining the endurance properties of alloys in the fully 
annealed condition or by calculating the endurance limits of fully 
annealed alloys from the endurance limits of moderately cold- 
worked alloys on the assumption that the endurance ratio of the 
alloy in both conditions is the same. In the above-mentioned 
papers a number of graphs are shown, in each of which the per- 
centages of the two constituents of a binary alloy are plotted as 
abscissas and the endurance limits and other physical properties 
as ordinates. In this way all the common alloys of nickel and of 
copper have been represented. From these diagrams the compo- 
sition best suited for endurance under various conditions has been 
selected. 

Figs. 9 to 18, inclusive, represent results of investigation at the 
Naval Engineering Experiment Station. Some of the above-dis- 
cussed figures are taken from previous papers to which reference 
has been made. Many of them, however, represent also the results 
of additional endurance tests. The author wishes to acknowledge 
the encouragement in this work received from Captain P. B. 
Dungan, U.S. N., Officer in Charge, United States Naval Engi- 
neering Experiment Station, and the assistance received from 
G. F. Wohlgemuth, associate metallurgist, and from J. L. Basil 
and A. P. Vandermast, laboratorians at the Naval Experiment 
Station. 


Export of Engineering Talent from England 


AN EDITORIAL decrying the loss to England from the export of 
engineering talent. When the Huguenots were expelled from 
France, it says, England received a nucleus of highly skilled 
workmen which contributed as much as anytaing to the growth 
of Britain’s industrial greatness. But for many years now Great 
Britain has been encouraging foreign manufactures by the free 
export of her talent in the form of skilled men and brains. 

“Both German and American industry,” cortinues the editorial, 
“rest largely on this foundation of British talent. As long as this 
was a free flow, and Great Britain was herself prosperous, there was 
little to be said against this natural and unavoidable movement; 
but now the conditions are greatly changed, and it is chiefly the 
adversity of economic conditions in this country which is foreing 
craftsmen and technical men to foreign lands. Thus, in the mo- 
ment of adversity, we are forced to give succor to our most success- 
ful competitors, besides weakening our power of recuperation in 
the act. 

“When this emigration is to other parts of the Empire, there is 
little to be regretted; but when we see Uncle Sam holding up glitter- 
ing prizes to draw our best talent, then we must indeed, feel a sense 
of grave disadvantage. It is not long ago when Mr. Oliver Smalley 


took up an important position in the States; now, another eminent 
metallurgist, Mr. Kent Smith, O.B.E., follows in his steps. 

“Contemporaneously with Mr. Kent Smith, goes Mr. Ducken- 
field; but the latter goes to Rhodesia, and will there continue to 
engage in the work of the Empire.” 
26, no. 17, Apr. 24, 1925, p. 419.) 


(The Metal Industry, vol. 
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Recent Developments in the Burning of Anthracite 


By W. A. SHOUDY! anp R. C. 


The anthracite referred to is that of which at least 95 per cent will pass 
through a °/\.-in. round-mesh screen and less than 20 per cent through 
a 3/s-in. round-mesh screen. The coal is burned on Coxe stokers. 

The paper describes successive furnace designs made at the Amsterdam 
(N. Y.) steam station of the Adirondack Power and Light Corporation. 
The boilers are of Babcock & Wilcox design and of 1345 hp. Each boiler 


has two Coxe stokers. Attempts were made to improve on the customary 


furnace design to which the following objections are made: (a) Tendency 


to stratification of gases, (b) high carbon content of ash, (c) loss of fines to 
ashpit and stack, and (d) lack of flexibility. 

The first experimental furnace had, in addition to the ignition arch, a 
very short arch over the rear of the grate. With this arrangement im- 
procement, if any, was slight. A three-arch furnace was then built, with 
better results but with defects due to slagging. A third furnace of two- 
arch design was finally constructed. Tests reported in the paper show 
that with the final design stratification can be practically eliminated, as well 
as ignition troubles, even with low-grade coal. A decided improvement has 
also been made in the burning of undersizes. The boilers and furnaces are 
described and illustrated, and results of tests are given in the form of curves. 


OW volatile content and high fixed carbon give anthracite 
- cleanliness and smokelessness, but at the same time make 
the coal difficult to ignite. In burning the smaller sizes, 
considerable difference in pressure must exist to force the air 
for combustion through the fuel bed and the coal must be fired 
frequently in a thin layer. The coarser sizes because of the larger 
air spaces, can be burned in a thick bed and fired only two or three 
times a day. These are therefore in great demand by the house- 
holder, which eliminates them, however, for large power requirements. 
The crushing of the coal to bring it down to the domestic sizes 
produces a percentage of smaller sizes not in demand for household 
use. These sizes must be sold or the entire burden will be placed 
on users of the domestic sizes. Pea, No. 1 buckwheat, and No. 2 
buckwheat can be utilized in large furnaces where greater draft 
can be obtained, either by higher chimneys or forced draft, but there 
still remains a percentage of the total, varying from 3 per cent to 
10 per cent or more, that at present can only be used for power 
requirements. This coal is generally called No. 3 buckwheat, 
though sometimes “bird’s-eye.” The authors use as their speci- 
fication the following sizing: 

“Not less than 95 per cent to pass through a */j.-in. round-mesh 
screen and not over 20 per cent through a °/3:-in. round-mesh 
screen. 

They have called all larger than */j¢in., “oversize,” and all smaller 
than */35 in., ‘‘undersize.”’ 

The proper sizing of anthracite plays a prominent part in pro- 
ducing satisfactory boiler efficiencies. There are in general use only 
two satisfactory methods of burning this fuel, viz., by hand firing 
and by chain-grate stokers. However, pulverization promises a 
means of disposing of the “undersize.” 

The ignition difficulties with anthracite have made it necessary 
to employ a refractory arch to shield the ignition end of the furnace 
from the cooling of the boiler tubes. This is essential with the 
chain-grate stoker and useful with hand fires also, unless enough 
bituminous coal is mixed with the anthracite to supply the volatile 
constituent to support ignition. Fig. 1 illustrates this single-arch 
type of furnace, unusually high and with a large combustion volume, 
and grate extending under the full length of the furnace. 


OBJECTION TO ForMER DEsIGN 


Low efficiencies in this type of furnace (as compared with bitu- 
5 Advisory Engineer, Adirondack Power and Light Corporation; Asso- 
ciate in Mechanical Engineering, Columbia University; Consulting 
Engineer, Bailey Meter Company. Mem. A.S.M.E. 
= lest and Research Department, Combustion Engineering Corpora- 
tion. 
; Contributed by the Power Division and presented at the Annual Meet- 
ing, New York, December 1 to 4, 1924, of THE AMERICAN SociETYy OF 
MECHANICAL ENGINEERS. Abridged. 


DENNY,? NEW YORK, N. Y. 


minous coal) were formerly accepted as inevitable. The objections 
to this type are: 
a Tendency to stratification of gases 
b High carbon content of ash 
c Loss of fines (undersize) to ashpit and back connections 
d Lack of flexibility. 

Combustion on a chain grate is progressive. Ignition takes 
place at the front end and combustion extends over the center, 
with ash more or less completely burned at the rear. At the front 
there is generally found high CO, in the center high CO2, and at 
the rear end considerable excess air. Unless these gases are well 
mixed, combustion is not complete. The alternative to operating 
with high excess air is high CO with its resultant loss. 
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Fig. 1 SinGie-ArcH FURNACE FOR BURNING ANTHRACITE 
(Original setting of boilers No. 1 and No. 2.) 


Carbon cannot be completely burned from the ash without 
considerable excess air at the rear end; this excess air usually follows 
a well-defined lane throughout the setting. Again the operator is 
faced with the alternatives of reducing the stack loss by reducing 
the excess air, thereby increasing the carbon loss to the ashpit, or 
reducing the carbon loss and increasing the stack loss. 

Lack of uniformity in the sizing of the fuel results in closing up 
the air passages through the fuel bed, requiring a higher pressure 
beneath the grate. The higher pressure breaks through the fire 
in spots and_ the air picks up the finer coal and throws the un- 
burned carbon back into the ashpit, or the gases carry these fines 
through the setting and deposit them on the tubes, in the back 
connection, and in the breeching. Some are carried off through the 
stack. An examination of these particles shows that only their 
volatile content has been driven off. This is a direct loss. 

With this type of furnace the length of the fire varies with the load, 
and thickness with the coal sizing. An increased load means 
lengthening the fire, and too rapid a change of speed tends to cause 
ignition troubles. Consequently if the load varies widely, the oper- 
ator must carry a long fire and waste coal to the ashpit at light loads, 
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or save this coal with shorter fires and take his chances on main- 
taining stream pressure. 


THE EXPERIMENTAL FURNACE 


For a number of years investigators have been studying this 
subject, and experiments with a second arch placed over the rear 
of the grate promised such satisfactory progress that the American 
Sugar Refining Company installed the boilers in its Baltimore 
refinery with a furnace embodying this principle. The authors’ 
experiences with those furnaces convinced them that a distinct 
advance had been made. 

The Amsterdam (N. Y.) Steam Station of the Adirondack 
Power and Light Corporation was started in October, 1921, with 
one 15,000-kw. turbine and two 1345-hp. boilers. The boilers are 
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Fie. 2 EXPERIMENTAL FurNAcE (BorLeER No. 1) 


AT AMSTERDAM 


TRIPLE-ARCH 


of Babcock & Wilcox design, 42 tubes wide and 14 tubes high, 
with 20-ft. tubes. Each boiler is set with two Coxe traveling- 
grate stokers 10 ft. 8°/s in. wide by 17 ft. long (effective grate 
length). The load is extremely variable, and some difficulty was 
experienced in operating with but two boilers. Experience else- 
where with multi-arch furnaces being so satisfactory, an appro- 
priation was authorized for the construction of an experimental 
furnace with triple arch, and boiler No. 1 (Fig. 1) was used with 
this furnace shown in Fig. 2. An extended series of tests was made 
of this experimental furnace and also of boiler No. 2 with the old 
furnace shown in Fig. 1. Six tests with the new furnace and 
three with the old furnace are presented in Table 1 and Figs. 3 
and 4. 

The new furnace proved more than satisfactory from a com- 
bustion standpoint. One operating difficulty made it necessary 
to redesign it to make it entirely satisfactory, namely, the accumu- 
lation of a mixture of carbon and slag on the rear arch. The slag 
was deposited in a plastic state, and in about three weeks’ con- 
tinuous operation so restricted the throat that the boiler had to 
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JuLy, 1925 MECHANICAL ENGINEERING 
TABLE 1 DATA AND RESULTS OF EVAPORATIVE TESTS 
Test number 1 2 3 * 5 6 7 8 9 21 22 23 24 26 vA 
Boiler number 1 l 1 1 1 1 2 3 2 2 2 2 2 2 2 
Grate surface, sa. ft 364 364 364 364 304 364 364 364 364 364 364 364 364 364 364 
Water-heating surface, sq. ft. 13,450 13,450 13,450 18,450 18,450 13,450 13,450 13,450 13,450 13,450 13,450 13,450 13,450 13,450 13,450 
Superheating surface, sq. ft. 3,863 3,863 «3,863 3,863 3,862) 3,863 3,863 = 3, 863 Re 3, 3,863 3,863 3,863 3,863 3,863 
Total heating surface, sy. ft. 17,313 17,313 17,3813 17,813 17,313) 17,313 17,313 17,3138) «17,313 17,313) —S:17,313 17,313 17,313 17,313 17,313 
Ratio water heating to grate surf. 7-1 37-1 37-1 37.1 37-1 37-1 37-1 37-1 87-1 37-1 37-1 37-1 37-1 37-1 = 37-1 
Ratio total heating to grate surf. 47.6-1 47.6-1 47.6-1 47.6-1 47.6-1 47.6-1 47.6-1  47.6-1  47.6-1 47.6-1 47.6-1 47.6-1 47.6-1 47.6-1 47.6-1 
Volume of combustion chamber, cu. ft. 2,690 2,690 2,690 2,690 2,690 2,690 6,140 6,140 6,140 .....c00 coccsece Covcee eecces coccece ceccee 
8/17- 8/18- 8/25- 
Date 9/24/23 8/17/23 9/25/23 18/23 9/26/23 19/23 8/24/23 8/25/23 26/23 9/23/24 9/3/24 9/4/24 9/5/24 11/11/24 11/12/24 
Duration, hr. 8 8 8 9 8 8 8 8 8 8 8 8 8 
Coal (anthracite) : 
Oversize, per cent 13.2 26.32 18.8 22.22 13.6 25.0 25.7 32.06 931.70 17.6 19.0 14.7 13.6 14.8 14.6 
No. 3 Buckwheat, per cent 61.2 57.87 50.5 659.28 59.3 60.0 48.6 41.52 46.34 48.5 49.7 48.0 46.0 52.0 52.6 
Undersize, per cent 35.6 15.81 36.2 18.50 27.1 15.0 25.7 26.42 21.96 33.9 31.3 37.3 40.4 33.2 32.8 
Steam pressure by gage, lb. per sq.in. 272.5 279.8 265.9 272.0 274.1 285.4 267.0 271.7 271.7 286.0 281.1 285.6 284.6 273 272 
Barometer, in. mercury 30.0 29.9 30.0 29.9 30.0 29.8 29.9 29.8 29.9 29.9 29.9 29.8 29.5 30.0 30.0 
Steam temperature, deg. fahr. 660 672 637 638 604 677 641 641 620 650 629 605 602 669 669 
Saturated steam temperature, deg. fahr. 413.6 415.8 411.5 413.4 4144 417.56 4118 4129 412.9 417.8 416.2 417.8 417.8 414 413 
Boiler-feed temperature, deg. fahr, 164.0 146.4 154.0 1563 152.0 156.3 141.0 146.0 145.0 185.0 191.0 190.0 197.0 180 179 
Flue-gas temperature, deg. fahr. 593 616 555 557 508 488 585 572 636 548 537 505 490 506 512 
Draft betw. damper and boiler, in. H,O 1.30 1.16 0.90 0.88 .... 0.09 0.97 0.67 0.48 1.13 0.94 0.80 0.79 0.255 0.194 
Draft in main fiue, in. H,O 2.61 1.60 1.24 1.05 0.32 0.50 1.80 1.42 1.72 1.50 0.95 1.37 1.42 0.370 0.470 
Draft in furnace, in. H,O 0.00 —0.02 —0.01 0.00 +0.03 0.00 +0.01 —0.01 0.00 0.00 —0.026 —0.025 —0.135 +0.009 +0.020 
External air temperature, deg. fahr. 7 68 69 62 67 65 58 63 55 58 64 60 60 40 89 
Entering air temperature deg. fahr. 88 86 2 75 79 91 82 85 7 83 2 82 80 40 39 
Superheat, deg. fahr. 264.4 256.2 225.5 224.6 189.6 159.5 229.2 228.1 207.1 232.2 212.8 187.2 184.2 255 256 
Total coal as fired, Ib. 148,021 129,227 108,000 107,736 74,022 62,895 137,524 111,341 72,404 154,489 144,796 107,409 82,738 69,572 63,046 
Moisture as fired, per cent 8.51 11.85 9.40 11.24 9.69 10.15 10.26 10.97 10.68 9.55 10.20 9.83 10.44 9.04 9.62 
Total dry coal, lb. 135,400 113,900 97,900 95,600 66,900 56,500 123,400 99,100 64,700 139,800 130,000 96,800 74,200 68,286 656,990 
Ash from ashpit, Ib. 30,750 25,900 20,100 21,470 13,420 8,530 30,900 20,900 11,800 39,500 30,600 21,800 15,700 12,160 10,240 
Cinders caught, Ib. 2,096 1,802 1,072 445 223 ME “aaiisten <gekes  eensne SReeeRbS SAaskee “Bab Waa wake. cues 
Total refuse, lb 32,846 27,702 21,172 21,915 13,643 8,721 30,900 20,900 11,800 39,500 30,600 21,800 15,700 12,160 10,240 
Total combustible burned, Ib. 102,554 86,198 76,728 73,685 53,257 47,779 92,500 78,200 62,900 100,300 99,400 75,000 58,500 67,412 652,806 
Total refuse based on dry coal, per cent 24.2 24.3 21.6 22.9 20.4 15.4 25.0 21.1 18.2 28.2 23.5 225 21.2 19.2 18.0 
Total water fed, ib. 889,610 798,300 722,115 703,605 525,470 461,555 772,930 685,315 481,305 903,394 844,892 722,237 555,660 480,084 436,984 
Factor of evaporation 1.253 1.277 1.251 1.249 1.252 1.218 1.267 1.261 1.246 1.225 1.205 1.194 1.185 1.242 1,243 
Total equiv. water fed, lb. 1,115,000 1,020,000 903,500 879,000 658,000 560,000 979,500 864,000 599,500 1,107,000 1,018,000 862,000 658,000 596,000 544,000 
Dry coal per hour, Ib. 16,940 14,250 12,230 10,610 8,355 6,280 15,400 12,400 8,090 17,470 16,250 12,105 9,260 7,911 7,124 
Dry coal per sq. ft. grate per hr., lb. 46.5 39.1 33.6 29.1 23.0 17.3 42.3 34.1 22.2 48.0 44.7 33.3 25.4 21.7 19.6 
Water evap. per hr.corr.for quality, Ib, 111,201 997,888 90,264 78,178 65,684 61,284 96,616 85,664 60,163 112,924 105,612 90,279 69,458 60,011 54,623 
Equiv. evap. per hour, Ib. 139,400 127,500 112,850 97,660 82,280 62,220 122,500 108,100 74,950 137,200 127,250 107,800 82,300 74,534 67,896 
Equiv. evap. per hr. per sq. ft. h. «., Ib. 10.37 9.48 8.39 7.26 6.12 4.63 9.11 8.04 5.57 10.2 9.47 8.02 6.12 5.55 5.05 
Equiv. evaporation per hour, lb. 139,400 127,500 112,850 97,660 82,280 62,220 114,500 108,100 749,500 137,200 127,250 107,800 82,300 74,534 67,596 
Boiler hp. developed, hp. 4,042 3,695 3,271 2,828 2,385 1,804 3,420 3,135 2,240 3,975 3,690 3,125 2,386 2,160 1,968 
Rated boiler hp. hp. 1,345 1,345 1,345 1,345 1,345 1,345 1,345 1,345 1,345 1,345 1,345 1, 1,345 1,345 1,345 
Percentage of rating developed, 300.5 275.0 243.1 210.0 177.4 134.0 254.0 233.0 161.0 295.0 274.0 232.0 177.0 161 147 
Water fed per lb. coal as fired, Ib. 6.01 6.18 669 6.53 7.10 7.84 6.25 6.15 6.65 5.85 5.84 6.72 6.72 6.91 6.93 
Water evap. per lb. dry coal, lb. 6.57 7.01 7.37 7.35 7.86 8.17 5.85 6.91 7.43 6.47 6.49 7.46 7.50 7.58 7.68 
Equiv. evap. per lb. coal as fired, lb. 7.54 7.89 8.36 8.15 8.90 8.90 6.65 7.75 8.28 7.17 7.03 8.02 7.95 8.57 8.63 
Equiv. evap. per lb. dry coal, lb. 8.23 8.94 9.22 9.20 9.85 9.90 7.36 8.72 9.28 7.85 7.83 8.91 8.89 9.42 9.55 
Equiv. evap. per lb. combustible, lb. 10.87 10.62 11.77 11.92 12.35 11.72 9.90 11.04 11.33 11.02 10.2 11.5 11.3 10.38 10.28 
Heat value per lb. dry coal (calc. ) B.t.u. 12,37 12,110 12,400 12,155 12,470 12,630 11,932 12,175 12,310 12,260 11,850 11,675 11,265 12,084 12,095 
Efficiency—boiler—grate—furnace per cent 64.6 71.6 72.1 73.5 76.7 76.0 64.5 9.5 73.2 62.2 4.2 4.0 76.6 75.6 \ 
Average fire thickness, in. 44 4.6 5.5 48 4.6 3.9 4.5 4.5 4.4 5.0 4.5 4.5 4.5 4.5 4. 
send speed, ft. per hr. 44.3 36.7 $1.7 29.8 21.2 18.9 40.5 33.0 21.6 44.8 41.0 303 245 20.7 19.7 
ue gas 
Carbon dioxide, per cent 13.56 12.77 13.08 13.56 13.00 13.14 12.48 12.80 11.58 11.30 13.60 12.50 11.4 13.1 13.5 
Oxygen, per cent 6.10 5.81 680 5.73 658 634 634 6.08 7.62 7.67 5.27 7.05 8.0 6.3 6.5 
Carbon monoxide, per cent 0.00 0.02 0.00 0.23 0.00 0.06 0.23 0.45 0.07 0.69 1.23 0.00 0.0 0.16 0.0 
Nitrogen, per cent 80.34 81.40 80.12 80.48 80.42 80.46 80.95 80.67 80.73 80.34 79.90 80.456 806 80.44 80.0 
Proximate analysis 
Moisture, per cent 8.51 11.85 9.40 11.24 9.69 10.15 10.26 10.97 10.68 9.55 10.20 9.83 10.44 9.04 9.62 
Volatile matter, per cent 8.07 6.22 6.58 5.67 5.98 5.62 6.20 6.18 6.17 8.16 7.44 6.93 5.91 7.36 7.30 
Fixed carbon, per cent 65.77 66.26 67.55 66.44 68.48 71.95 67.02 67.62 69.97 66.63 65.91 67.20 66.68 67.04 67.64 
Ash, per cent 17.65 15.67 16.47 1665 15.85 12.28 16.52 15.23 13.18 15.66 16.45 16.04 16.97 16.56 15.44 
Sulphur (dry basis), per cent 0.73 1.24 0.54 1.05 034 07 0.69 0.63 0.72 0.56 0.69 0.59 0.74 0.51 0.61 
Ultimate analysis (calculated) 
Carbon, per cent 73.09 75.52 75.32 74.69 76.55 79.57 74.93 76.11 78.42 75.97 75.05 75.58 74.59 74.86 75.92 
Hydrogen, per cent 2.99 2.55 2.73 2.36 2.61 2.44 2 54 2.52 2.47 2.76 2.97 2.76 2.60 2.74 2.79 
Oxygen, per cent 3.27 2.08 2.73 2.35 2.49 2.7 2.60 2.79 2.78 2.88 2.07 2.38 2.65 2.79 2.69 
Nitrogen, per cent 0.62 0.84 0.51 080 046 O84 O84 0.84 0.85 0.51 0.92 0.89 0.46 0.88 0.89 
Sulphur per cent 0.73 1.24 054 1.05 034 0.75 069 063 0.72 0.56 0.69 0.59 0.74 0.51 0.61 
‘és ee . per cent 19.30 17.77 18.17 18.75 17.55 13.67 1840 17.11 14.76 17.32 18.30 17.80 18.96 18.22 17.10 
sh analysis 
Volatile matter + carbon, per cent 15.00 21.85 11.45 16.50 1250 965 2640 1885 19.15 32.30 22.25 21.00 10.53 5.10 4.82 
Earthy matter, per cent 85.00 78.15 88.55 83.50 87.50 90.45 73.60 81.15 80. 67.70 77.75 79.00 89.47 94.90 95.18 
Heat Batance—Dry Basis 
Heat absorbed by boiler, per cent 64.60 71.60 72.10 73.50 76.70 76.00 645 69.50 73.20 62.20 64.20 74.00 76.60 75.6 76.¢ 
Loss due to moisture in coal, per cent 0.88 1.30 0.96 1.20 0.97 0.70 = =1.10 1.10 1.10 1.10 1.20 1.20 1.30 1.1 li 
Loss due hydrogen burned, per cent 2.77 2.50 2.50 2.20 2.34 2.10 2.40 2.40 2.30 2.60 2.80 2.60 2.60 2.6 2.7 
Loss due to flue gases, per cent 12.55 14.00 12.74 12.30 11.84 11.30 13.70 13.20 14.50 13.00 11.00 12.50 14.00 8.3 84 
Loss due to carbon monoxide, per cent 0.00 0.10 0.00 1.20 0.00 0.30 0.90 1.80 0.30 3.20 5.00 0.00 0.00 0.8 0.0 
Loss due to combustible in ash, per cent 4.01 6.00 2.77 440 296 1.70 *8.10 *%4.80  %4.20 *9.80 *6.50 5.90 *2.90 “1.3 “4.1 
Loss due to carbon in cinders, per cent 1.60 27D «BER BRD BED ccc tecccs § cccwce soccesce cceccens sosece 6050s0 ceenee cecere 
Unaccounted for, per cent 13.59 2.80 17.64 470 484 7.00 9 7.20 4.40 8.10 9.30 380 2.60 10.4 10.1 
Total, per cent 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 100.00 11. 


be taken out for cleaning. This experience pointed the way to 
what appears to be the solution of the problem. 


An ImprROVED DESIGN 


During this periodic building up of the slag it was found that 
there was little increase in draft drop with the reduction in gas 
passage. This deposit was allowed to accumulate until the opening 
between the upper arch and the slag was reduced to about a foot. 
Under this condition the boiler was operated at 240 per cent of 
rating (measured by flow meter) with an increased draft drop of 
only 0.2 in. of water. 

This experience pointed to the possibility of obtaining complete 








* Includes cinder loss 


mixing of the gases by using a restricted throat, and boiler No. 2 
was reset with a restricted gas passage and applied to a third 
furnace of the two-arch type. The boiler has been operated inter- 
mittently since, but without operating difficulties. 


IMPROVEMENT IN EFFICIENCY 


Six tests of this boiler are included, the principal results being 
plotted in Fig. 5. The combined efficiencies at ratings below 
250 per cent check very closely with the tests of the three-arch 
furnace. The two tests at higher ratings show a marked falling 
off in efficiency. It was difficult to regulate combustion conditions 
at ratings below 170 per cent because of the very low rate of com- 
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bustion. The two tests below this rating show high efficiency, 
but with a rather large unatcounted-for loss. They also show 
high superheat and high exit-gas temperatures. Only traces of 
CO were found, but probably some secondary combustion was 
taking place, since the low velocity of the gases undoubtedly 
made possible some stratification. These boilers are taken off 
the line at ratings below 170 per cent, and operated above 250 
per cent rating only during emergency, but modifications in design 
will have to be made for boilers operated outside this range. 

The combined efficiency curves of the three furnaces are shown 
in Fig. 6 and illustrate improvement obtained. The point of maxi- 
mum efficiency for all furnaces is at about 170 per cent of rating, 
but the curves of the multiple-arch furnaces are flatter. The 
boilers, apparatus, and tests are described in an appendix to the 
complete paper. The principal data and results are given in Table 1. 

The reasons for the improvement in efficiency are apparent 
from the analyses of the flue gases taken on the three-arch furnace 
and plotted in Figs. 7, 8, and 9. 

The influence on combustion of the three arches in the furnace 
is exhibited in Fig. 7. Samples were taken through a water-cooled 
sampling tube about 12 in. over the fire and about 30 in. from the 
side wall. The lower set of curves on this chart shows the 17-ft. 
length of grate and the various points at which gas samples were 
drawn. In general, these gas samples represent the products of 
combustion over the several air compartments of the stoker. The 
boiler was run at about 275 per cent of rating. 

For any ratings above 200 per cent some air is used in the first 
five stoker compartments, but none is admitted to the sixth compart- 
ment. Due to burning, the fuel bed decreases in thickness from 
the front of the stoker in a practically uniform slope down toward 
the rear. Air was admitted, not to secure any particular arrange- 
ments of draft readings by gage, but to burn the various sections 
of the fire in what seemed to be the most sensible manner. 

As soon as the six analyses were made of the gas over the fire, 
the second set of five analyses was made in the bottom part of 
the first pass. The water-cooled tube was also used for this pur- 
pose. The location was not in the top of the combustion chamber 
just under the tubes but between the second and third row of tubes 
from the bottom, since that was the only place in which the sampling 
pipe could be introduced. As soon as these analyses were finished 
a set of six samples were drawn from the top of the third pass by 
means of one of the regular gas-sampling tubes. 

These three sets of readings are in practically the same vertical 
plane through the setting and at practically identical firing condi- 
tions. 

Over the first four air compartments the fire is to some extent 
a gas producer. Contrary to the usual notion, there is only a mod- 
erate amount of CO produced over the first compartment, the figure 
being about 6 per cent. The CO, at this same point is a little over 
14 per cent. The CO increases up to nearly 12 per cent over the 
third compartment, whereas the CO, decreases to about 7 per cent 
until the fifth compartment is reached. Here excess air is always 
admitted. This of course comes from the operation of burning out 
of the fuel bed to form a reasonably clear ash. There is much less 
carbon burned over this compartment in proportion to the air 
blown through the fire. The CO. does not increase, but the free 
oxygen increases to about 12 per cent and the CO disappears en- 
tirely. Over the sixth compartment neither CO nor CO; is present 
in any appreciable quantity, the analyses showing practically 
pure air. The quantity represented by this last analysis is probably 
rather small since there is no direct air pressure in the sixth com- 
partment. 

The foregoing gas analyses are from a point about 12 in. above 
the fuel bed. Inspection of the curves in Fig. 7 for the analyses 
at the bottom of the first pass shows that combustion is practically 
complete. The CO has been nearly all burned out and there 
is very little free oxygen present except in the section of the pass 
nearest the baffle. The presence of this oxygen at this point 
shows that stratification has apparently followed through the tortu- 
ous path of gas travel which the arches compel. The CO, at nearly 


* all points in the first pass is above 16 per cent, dropping down to 


about 14 per cent near the baffle. The indications from these 
figures are that a practically minimum amount of excess air has 
been used on this longitudinal section of the fire. 


Vou. 47, No. 7 


The curve of gas analyses at the top of the third pass shows 
substantially the same CO, but a uniformly low amount of CO. 
The free oxygen, amounting to around 2 per cent, is considerably 
higher at this point than it was at the bottom of the first pass, 
indicating air leakage into the setting between the two points. 

The curves of Fig. 8 show a comparison of gas analyses over 
the fire at three different ratings. The difference between the full 
lines and the dotted lines, both of which are for about 275 per cent 
of rating, results from a difference in handling the fire on two 
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different days. The dotted lines are the same curves that were 
studied in Fig. 7. In handling the fire on August 17 somewhat 
higher air pressures were carried on the second and third air com- 
partments. This lowered the CO, over these compartments and 
increased the percentage of oxygen, but it greatly reduced the 
amount of CO over the third compartment. At the fourth com- 
partment the air pressure was carried a little lower than in the other 
run and the excess air dropped down nearly to zero, while the CO, 
rose abnormally to over 16 per cent. Over No. 5 compartment 
there is a characteristic disappearance of the CO and a great in- 
crease in the free oxygen. Over the sixth compartment the results 
on all runs show substantially the same character of gas. 

The low-rating run shown by the dot-and-dash line was made 
with much less air pressure under all the compartments. The 
penetration of the air through the fire was considerably less than 
in the high-rating runs, and the curves show exactly what might 











ut 
- 


id 








Juty, 1925 


be expected. The CO rises from about 7'/2 per cent over the first 
compartment to about 17 per cent over the fourth compartment, 
after which it drops off to zero. There is practically no free oxygen 
anywhere in the fire except over the fifth and sixth compartments. 
The CO, runs a little less in the forward part of the fire, increases 
to 12 per cent over the fifth compartment, and then drops off to 
zero over the sixth compartment. 


“Cross-SECTIONING” Exit GASES 


The arrangement of gas-sampling tubes and thermocouples 
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(Special run, Aug. 21, 1923, 275 per cent rating.) 
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Fig. 8 Varrations oF Fiue-Gas Composition Over Fire IN 
THREE-ARCH FURNACE 
Full lines—274 per cent rating, Aug. 17, 1923 
Dotted lines—275 per cent rating, Aug. 21, 1923 
Dot-and-dash lines—134 per cent rating, Aug. 19, 1923 


for ascertaining the character of the exit gases in the top of the 
third pass of No. 1 boiler are fully described in an appendix to the 
complete paper. It proved feasible to cross-section this area 
thoroughly with the thermocouples because the readings could be 
taken with the potentiometer almost instantaneously. It was 
also found possible to get a fair average of seven simultaneous gas 
samples across the setting. During one of the tests seven samples 
~ analyzed independently with results shown in the lower part 
of Fig. 9. 

It should be remembered that there are two stokers, with a three- 
foot center wall extending across the setting. That there is a 
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serious amount of longitudinal stratification of gases is evidenced 
by the shape of the curve. Not only at this 134 per cent rating, 
but at various other ratings, the low CO: at the two end pipes was 
frequently remarked. Had single gas-sampling tubes been used, 
extending in from either side to about the center of each stoker, 
the CO, recorded for the entire series of No. 1 boiler would have 
been in the neighborhood of 16 per cent. The evidence of this 
cross-analysis is that such a reading would be seriously misleading. 

The curves on the upper part of Fig. 9 are the individual tem- 
perature readings across the setting at various ratings. These 
show the same characteristic shape as the CO: curve. 

CONCLUSION 

That stratification can be practically eliminated and carbon loss 
to the ashpit reduced to a minimum, is shown clearly by the tests. 
Another accomplishment is the elimination of ignition troubles, 
even with low-grade coal. A decided improvement has been made 
in the burning of undersize at moderate ratings, but there is room 
for improvement at ratings above 250 per cent. 

All the tests were made 
with substantially the 
same quality of coal. 
There has not been time 
to conduct a series of 
tests with coal contain- 
ing larger percentages of 
undersize, but operation 
has been studied with 
varying qualities run- 
ning down to river coal 
with over 60 per cent 
undersize and 33 per cent 
ash. The maximum rat- 
ing obtainable with the 
latter coal and the single- 
arch furnace was about 
190 per cent, but with 
the two-arch furnace and 
the same coal 300 per 
cent rating can be carried 
without difficulty. 

The loss in efficiency 
with increasing under- 
size has been estimated 
from the variations in 
coal per kilowatt-hour, 
and there is no doubt 
that the loss is less with the new type of furnace, particularly at 
the usual operating ratings of about 225 per cent. The development 
of these multiple-arch furnaces may help in the ultimate solution 
of the problem of burning undersize. 
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Fig. 9 TEMPERATURE AND CO? Across Top 
or Tuirp Pass oF THREE-ARCH FURNACE 


Discussion 


R. MUMFORD! submitted a written discussion in which he 
4 4+ presented evidence, independently collected and interpreted, 
which he believed completely substantiated the conclusions of the 
authors. The authors had pointed out that with the former standard 
design of furnace the operator had the alternative of reducing the 
stack loss by reducing the excess air, thereby increasing the carbon 
loss to the ashpit, or of reducing the carbon loss and increasing the 
stack loss. This condition was shown by Fig. 10, in which were 
plotted two sets of gas analyses which showed the effect on the fur- 
nace gases of increased air pressure in the last compartment. 

In this and in Fig. 12 the full lines represented the percentage of 
CO., the long dash line the percentage of O2, and the short dash 
line the percentage of CO. The samples had been collected si- 
multaneously from all points shown by means of water-cooled 
sampling tubes whose open ends were over the center line of the 
stoker. The samples had been kept in glass bottles under water 
pressure until analyzed in a water Orsat. 

The gas temperatures given on the charts were the averages of 





1 Fuel Engr., N. Y. Steam Corpn., New York, N. Y. Assoc-Mem. 
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the readings of five copper-constantan thermocouples read at 
5-min. intervals during the 20-min. sampling period. The high 
temperatures shown were due to leaky baffles. 

As indicated by the rapid fall of the first-pass CO. curve near 
the bridgewall, it was seen that the air passing through the thin 
rear end of the fuel bed rose directly to the first pass and thence 
traveled through the boiler. The condition under normal opera- 
tion was shown by the light lines, while the heavy lines indicated 
the conditions with higher rear-end air pressure. 

The effect of the rear or reversing arch was shown in Fig. 11. 
Here the heavy lines represented the gas composition with the 
reversing arch installed, while the light lines represented the gas 
composition without the added arch. Three points stood out 
rather clearly: First, the larger percentage of oxygen rising from 
the fuel bed at the rear indicated a thinner and consequently a 
more completely burned fuel bed at this point; second, the almost 
complete elimination of CO in the gases entering the first pass 
showed that the additional air had not increased the excess air 
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but had been mixed thoroughly with the other gases in the 
furnace. 

The opportunity which presented itself to install new baffles, 
in connection with other plant changes, had made possible the 
alteration of the furnaces. At present the line of the top of the 
reversing arch was extended until it met the tubes. It was im- 
practical to raise the boilers in this plant to provide more vertical 
distance between the grates and tubes, although this change would 
probably be advantageous. 

That these improvements in gas composition were actually 
translated into increased efficiency, had also been shown by the 
New York Steam Corporation (Fig. 12). Here the solid lines repre- 


sented the variation in the heat balance with the rate of operating, 
as shown by five complete thermal-efficiency tests in February, 
1924. The broken line represented the efficiency as it had been 
estimated to be at the various ratings with the single-arch furnace 
by a competent engineer familiar with the installation. The 
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improvement was gratifying. The greater improvement with 
increased rate of driving was also evident, as was the fact that the 
maximum efficiency had been reached at from 170 to 180 per cent 
of normal rating. The engineers of the New York Steam Corpora- 
tion had explained this by two facts. The reduction in gas loss by 
increase of CO» and elimination of CO was the first. The second 
was that the lower total gas quantity, at any given rate of com- 
bustion, lowered the gas velocity and consequently the weight of 
coal lost to the stack as fly cinder. 

The solid line at the top of Fig. 12, however, representing the 
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total percentage of heat accounted for, dropped away from the 100 
per cent line after the rate of driving had passed about 200 per cent 
of rating, indicating that the quantity of cinders carried with th: 
gases increased enough to offset improved combustion conditions 
This indicated that excess air must be kept at a minimum in any 
given furnace or that a furnace must be designed for a definite 
maximum gas velocity below which the quantity of cinders would 
not cause a serious loss. 

The only point of difference noted between the authors’ state- 
ments and the experience of the New York Steam Corporation 
was that there were 12 boilers in the latter’s Station A which had 
been in service for one year, equipped with reversing arches, and in 
that time no trouble had developed with any of the arches and, unde: 
what was considered hard service, no boiler had ever had to be 
shut down on account of cinders on the reversing arch, which was 
comparatively flat on top. 

Howard H. Dalton' wrote that the information given by the 
authors did not clearly demonstrate the superiority of the final, or 
two-arch, over the three-arch design, as there had been no trouble 
with the arches; and the efficiency of the latter had been slight!) 
higher. The only objection seemed to be the formation of slag on 
the rear arch. The two-arch furnace had the disadvantage of rely- 
ing entirely on a restricted passage for the mixture of the rich and 
lean gases, and naturally, on low ratings, this mixture would not 
be as complete as at high ratings. If the passage was restricted 
sufficiently to get the best results on low ratings, highwratings would 
be impossible. For this reason the two-arch furnace, while it 
might meet the requirements of the Amsterdam plant, described in 
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the paper did not seem as good a design as the three-arch fur- 
nace. 

Furthermore it did not seem that the removal of the top arch 
and the slight change in design of the rear arch would in themselves 
prevent slagging. The Baltimore furnaces of the American Sugar 
Refining Co. mentioned by the authors had three arches almost 
identical in design with the boilers under discussion. These had 
shown absolutely no slagging up to rates of driving of 270 per cent, 
which was the maximum possible with the draft available. The 
Baltimore plant burned a much finer coal than the Amsterdam, 
and this, if anything, should favor slagging at Baltimore. 

The main operating difference (and it might be an important 
one) was that at Amsterdam the greatest pressure was carried in 
the wind boxes under the front end of the stoker, gradually reducing 
toward the rear end, while at Baltimore this condition was reversed. 
The Baltimore method of operation gave more excess air and 
lower temperatures under the rear arch and higher CO toward the 
front of the furnace, with the two gases mixing under the upper, 
or third, arch. That these gases did thoroughly mix, had been 
proved by COs, readings taken at five points across the boiler at 
the last pass. The average CO, at the damper had been over 
14 per cent at rates of driving above 100 per cent, and over 15 per 
cent at rates above 140 per cent, with only a slight trace of CO. 
The efficiencies obtained had been about the same as those at 
Amsterdam up to 160 per cent of rating, but somewhat lower on 
higher rates, as was to be expected when burning the finer coal. 
The difference could be accounted for entirely in the cinders carried 
into the back connections by the high air pressure. 

I:. B. Powell! wrote that with reference to the design of the Balti- 
more furnace mentioned by the authors, his company was chiefly 
interested in determining the flexibility of a traveling-grate type of 
stoker in handling anthracite of very small size. The load condi- 
tions in the design of that plant had involved sudden and large 
changes in boiler demand. The company had been able to make 
some tests at one of the anthracite collieries on an installation which 
presented the basic principles of the two-arch furnace. While 
this installation had not much of a front arch, it still had all the 
fundamentals of a two-arch design. In this furnace it had been 
found possible to burn a very small size of anthracite, known as 
No. 4 buckwheat, at grate-travel rates changing almost instantly 
from about 20 ft. per hour to something like 50 ft. or more per hour, 
without affecting the ignition. That experience had indicated 
that there were great possibilities in the two-arch design, both from 
the standpoint of flexibility and from that of economy. The three- 
arch design finally decided upon, had been arrived at solely from 
considerations of economy. For the particular requirements in 
hand the third arch had seemed necessary to insure thorough 
mixing of the gases and proper utilization of the boiler heating sur- 
face, 

His company had had another occasion to check the effectiveness 
of the third arch. They had found that where the gases leaving the 
passage between the lower two arches would have a compositon 
ranging from as high as two to six per cent CO and less than one- 
half of one per cent oxygen in the stream next to the front arch, 
to no CO and 12 to 14 per cent oxygen in the stream next to the 
rear arch, they had been able to obtain beyond the third arch a 
practically uniform gas mixture, 14 to 16 per cent CO, with a total 
absence of CO, and practically complete cessation of flame. 

N. G. Reinicker? wrote that he heartily agreed with the methods 
outlined by the authors for improving the overall economy of 
equipment using small sizes of anthracite. At the Hauto plant 
of the Pennsylvania Power & Light Company, experiments along 
similar lines on various boilers and furnaces had led to similar 
results. 

H. 8. Colby’ wrote that the experiences of the authors paralleled 
his own to such a marked degree that a brief outline of his work 
might be of interest. 

In burning coke breeze in the conventional single- or front-arch 
furnace, practically the same difficulties had been encountered as 
were encountered by the authors in the burning of anthracite. 
i ' Cons. Engr., Stone and Webster, Inc., Boston, Mass. Mem. A.S.M.E. 

* Supt. of Operation, Pennsylvania Power & Light Co., Allentown, 
Pa. Assoce-Mem. A.S.M.E. 

5 Asst. to Sales Mer., Riley Stoker Corp., Worcester, Mass. 
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The nature of these difficulties had suggested the use of an arch at 
the rear of the furnace. This arch had not been installed on a 
coke-breeze-burning stoker installation, however, until after his 
company’s initial contact with the burning of anthracite coal. 

In the fall of 1921 and spring of 1922 several Harrington stokers 
had been installed to burn fine-sized anthracite. These initial 
anthracite installations had been made, some with front. arches 
only and others with front and rear arches. The arches had been 
of several lengths and set at various degrees of inclination. The 
operation of these stokers had made it apparent that the results 
obtained from furnaces with both front and rear arches were much 
more satisfactory than those with front arches only. The work of 
the last two years had been confined to establishing the proper 
proportioning of front and rear arches and throat (or space between 
the arches) for the various sizes of anthracite, and to determining 
the effect on arch design of height of setting or length of gas travel, 
and combustion rates. 

The work to date had indicated that the rear arch afforded the 
means for obtaining the highest efficiency in the burning of all sizes 
of anthracite; that the throat area or space between the arches in 
which the gases were mixed should be modified with the fuel, rating, 
and setting height. Primarily, the area of the throat was a func- 
tion of the maximum rating. Little or no improvement in quality 
of gases was obtained when the velocity of the gases passing through 
the throat exceeded 3000 ft. per min. The throat area could be 
increased as the setting height was increased, that was, as the 
length of gas travel from the throat to the tubes was increased. 
The rear arch should be set at a slight angle to the horizontal and 
so located with reference to the front arch that gas comparatively 
rich in oxygen generated on the section of grate under the rear arch, 
would travel across the throat and mix with the gas lean in oxygen 
passing out from under the front arch. 

While the front- and rear-arch design had been developed prim- 
arily for the more efficient burning of anthracite and coke breeze, 
the same general design of furnace was also more efficient for the 
burning of bituminous coal than furnaces with a front arch only. 

The authors, in their closure, wrote that there was room for 
considerable difference of opinion regarding the relative merits 
of two-arch and three-arch furnaces. In the case of the particular 
problem at Amsterdam, the two-arch furnace appeared to be neces- 
sary. The boiler and the stoker had been both set, and changing 
the location of the stoker meant changing the ash hopper and some 
of the building steel, which would have been very expensive. A 
better furnace of the three-arch type might have been obtained if 
the boiler could have been changed or the stoker shifted, but the 
expense of such changes could not be justified. The problem they 
had had was that of adapting a furnace to a boiler and stoker 
which were already installed. The two-arch furnace had appeared 
to be the solution for this particular problem. It might not be the 
solution for another set of conditions. They were not sure that 
the two-arch furnace was quite as good for a wide variety of loads. 
It was possible that under very low rates of operation, with a low 
velocity of gas passing through this furnace, there might be a tend- 
ency toward stratification. The boilers described in the paperwere 
taken off the line if the load dropped below 170 per cent of rating. 
Below this rating it might be possible to get that action; above it, 
they did not. Hence in that particular case the furnace was 
satisfactory. For another installation it might not be. The 
furnace described was not a panacea, but only a step in the solution 
of the problem. 

Both Mr. Mumford and Mr. Dalton had expressed surprise that 
there should be any difficulty due to the deposit of cinder on the 
rear arch. The authors did not know the cause of their troubles. 
On the first experimental arch, the short arch that had not been 
described, cinder did accumulate, but it accumulated in a compara- 
tively cold state, and rolled off the arch as soon as the angle became 
sufficiently steep. They knew that this happened at Baltimore and 
believed that was what Mr. Mumford had experienced. One might 
suppose that a difference in the fusion temperature of the ash was 
responsible, but the coal used in the first experiment had been 
substantially the same coal as used later, and probably there had 
not been much over 100 deg. fahr. difference in the ash-fusion tem- 
peratures of the two coals. The coal had come from exactly the 
same districts and had had practically the same specifications. 
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AERONAUTICS 
De Havilland ‘‘Baby Plane”’ 


PARTICULARS of a two-seater weighing only 770 lb. and capable 
of 90 m.p.h. with a fuel consumption of 20 miles to the gallon. 
The plane is called the “Moth” and is equipped with a 60-hp. Cir- 
rus engine. It is designed for use by flying clubs and schools and 
it is said that in the air it is steady and easy to fly, and has a stalling 
speed with full load at 40 m.p.h. 

The Cirrus engine, for the sake of cheapness, was produced from 
parts employed in the 120-hp. Airdisco engines (originally the 
French Renaults of war-training-ship fame). The new engine is 
virtually a complete half of the 120-hp. Airdisco and is air-cooled. 
One of the interesting features of this plane is the ease and speed 
with which the wings can be folded. With the wings folded the 
machine has a total overall width of 9 ft. 8 in., which makes it pos- 
sible to store it in a garage and to tow it along roads behind an auto- 
mobile. The operations of folding or spreading the wings can be 
performed by one man in less than three minutes, and when they are 
swung into position for flight no truing up or adjustment is neces- 
sary. 

The starting arrangement is of the ratchet type and similar 
in principle to the kick starter of a motorcycle, only it is operated 
by the hand lever. The engine weighs 260 lb. dry, equivalent to 
4.33 lb. per hp. (Automotive Industries, vol. 52, no. 19, May 7, 
1925, pp. 830-831, 3 figs., d) 


The Boulton-Paul ‘‘Bugle’’ Day Bomber 


Description of a new metal-framed, twin-engined, medium- 
range biplane fitted with a Bristol-Jupiter engine. It has wings of 
equal span but of greater chord at the top than at the bottom. 
The most striking features concerning the control surfaces are the 
huge size of the rudder and the method of balancing. 

The balance used is essentially of the horn type, but, instead of 
overhanging the wing or fin, the horn pieces have their leading 
edges inset into the surface ahead of them, so that they are shielded 
thereby at smaller angular settings from normal, while the leading 
edge of the horn is in way of the surface ahead of it. With the 
usual horn type of balance, the aileron or rudder tends to be unstable 
at small angular settings unless the balanced area is reduced to 
such an extent that at large settings the surface is markedly under- 
balanced. With the shielded horn at fine angles, the fixed and 
moveable surfaces together act as one combined surface, and the 
instability disappears. When the angle is sufficient to bring the 
leading edge of the horn clear of the forward surface, the region of 
instability has passed. 

By avoiding tliis instability of the horn balance this type of 
balancing allows greatly increased balancing to be used at the large 
angles. Asa result, on the “Bugle,” the pilot is able to hold the rud- 
der in any position at any speed. He can turn against one engine 
even without using the compensating springs. Incidentally this rud- 
der is sufficiently powerful to overcome the aileron yawing moments 
when the machine is stalled, and this machine, having ample longi- 
tudinal control and stabilizing surfaces, is therefore of the class 
which can be controlled beyond the stall. 

The engine mounting is of the hinged type and the hinge pins are 
very long, hardened and ground to standard Morse taper, and then 
fitted into hardened hinges and screwed up fairly tight into position. 
To prevent their being screwed up too tight, the nut on the hinge 
pin is made circular and provided with holes for a tommy bar. 
A tommy to fit each of these nuts of very limited diameter and of 
soft material is secured to the engine mounting by a steel chain and 
incidentally is used to lock the nuts in position. Any attempt to 
overtighten merely bends the bar. (The Aeroplane, vol. 23, no. 17, 
April 29, 1925, pp. 412-416, 5 figs., d) 


AIR MACHINERY 
The Aerodynamo Wind Mill 


Tests carried out at Harpenden by the Institute of Agricultural 
Engineering of Oxford University to prove the efficiency of a new 
type of windmill device for generating electricity, suggest that the 
difficulties encountered with previous wind-power machines have 
been overcome. In appearance, the aerodynamo has four blades 
mounted on a 30-ft. concrete mast. The generator, which is to lee- 
ward of the dynamo—an important innovation—is connected 
directly with the blades by means of gearwheels. The two prin- 
cipal features of the aerodynamo are the shape of the blades and 
the air brakes. The blades are constructed according to the latest 
results of airplane experience and aerodynamic researches. The air 
brakes, which work on the principle of centrifugal force, auto- 
matically place a limit to the maximum speed of rotation, even in 
the highest winds. 

In tests the aerodynamo is stated to have generated power in a 
breeze scarcely perceptible to the onlookers and to have developed 
10 kw. in all wind velocities above 18 m.p.h. This output is not 
exceeded owing to the braking system, and it is claimed that a 
really steady power flow is maintained. (Machinery (London), 
vol. 26, no. 656, Apr. 23, 1925, p. 101, d) 


ENGINEERING MATERIALS 
Fire-Resistant Iron Castings 


A process has recently been developed in which castings can be 
poured in molds containing a network of aluminum wires. The 
aluminum is absorbed and a hard-alloy layer forms on the surface 
of the casting which gives as good a protection against high tem- 
peratures as in the case of aluminum externally applied. (Ma- 
chinery (London), vol. 26, no. 655, Apr. 16, 1925, p. 73, d) 


Thermonit Mortar and Firebrick Dope 


THFRMONIT is a material which can be used either as a mortar or 
fireproof cement, or applied in a very thin layer (0.2 to 0.4 in.) 
According to a statement of the manufacturers, The Vinco Company, 
of Berlin, it provides a high degree of heat protection. No data 
as to its eomposition are given. (Technical Exposition in Leipzig, 
Foundry Section, described in Zeitschrift fur die Gesamte Geisserei- 
prazis, vol. 46, no. 16, Apr. 19, 1925, pp. 201-202, d) 


Strength of Steel Cut by Torch 


Fo..Low1nc the report that the highway commission of a western 
state had frowned upon the cutting of structural steel for highway 
bridges by the oxyacetylene flame, the Union Carbide & Carbon 
Research Laboratories, Long Island City, N. Y., undertook an 
investigation of steel surfaces severed by the oxyacetylene flame, 
by shearing, by hacksaw, and by friction saw. 

Square bars were cut from °/s-in. mild-steel plate by several 
methods and each bar was tested as a beam in bending. One of 
the bars was cut by a hacksaw, the second with the oxyacetylene 
flame, the third cut oversize by the oxyacetylene flame and the 
surface cut milled '/s in., and the fourth specimen was sheared. 
Another series of tests were made on bars cut from the web of an I- 
beam, and parallel experiments were made on angle bars cut by a 
friction saw. From these experiments it would appear that the 
hardened and carbonized surface produced by the oxyacetylene 
flame is seldom more than !/s in. deep and can be removed by the 
1/s-in. cut. Bars that were sheared bent easily and cracked; 
bars cut by the friction saw also showed low strength, and numerous 
small cracks developed under small deflections. The experiments 
also showed that a surface cut by the oxyacetylene flame is some- 
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what harder and stiffer than the original model and has good duc- 
tility. (E. E. Thum in Jron Trade Review, vol. 76, no. 20, May 14, 
1925, p. 1262, 1 fig., e) 


Balsam-Wool Insulation Tests 


BALSAM-WOOoL is made from the fibers of coniferous northern 
woods chemically treated so as to make them fireproof and decay- 
proof. In this condition the fibers, which are fine, hairlike, hollow 
tubes, are next bound together with cement, with the axes of the 
fibers, however, extending in all directions and not parallel to each 
other as in wood. The result is a resilient blanket of fibers which 
weighs only 5 lb. per cu. ft., or less than one-half the weight of 
cork. It contains countless still-air cells, and it is said that over 
4 per cent of the volume is still air. To increase the mechanical 
strength of the fibrous blanket it is covered on both sides with a 
layer of creped waterproof Kraft paper which is cemented to the 
blanket of fibers by a high-melting-point asphalt. This material 
is called “Balsam-Wool” and is made by the Wood Conversion 
Co., Cloquet, Minn. 

Tests on it were conducted by Howard F. Weiss, research en- 
gineer of the C. F. Burgess Laboratories, Madison, Wis. The test 
showed that Balsam-wool will absorb about 30 per cent moisture, 
or over twice as much as cork when subjected for a long time to a 
humidity of 90 per cent or more. However, at 30 per cent moisture 
Balsam-wool is said to contain less moisture per square foot than 
cork at 5 or 10 per cent moisture, because of the former’s extremely 
low density. Therefore its thermal resistance, even when subjected 
to high and to prolonged humidity, is not seriously impaired. 

In tests for thermal conductivity the average heat flow in 24 hr. 
through Balsam-wool was found to be 6.1 B.t.u. per sq. ft. per in. 
thickness per deg. fahr. It is not stated where the thermal-con- 
ductivity .tests were made. (Railway Age, vol. 78, no. 21, Apr. 
25, 1925, pp. 1041, 1042, 2 figs., d) 


FOUNDRY (See also Materials Handling: Handling 
Materials in the Foundry) 


Centrifugal-Casting Calculations 


Tue author discusses in particular the production of centrifugal 
castings ona vertical or inclined axis and presents equations which 
show how the paraboloidal bore of the casting may be elongated 
to the desired extent, what speeds are required to make a given 
casting, and the quantity of metal which has to be introduced to 
make the casting. 

Equations derived by the author are a development of those 
given by Lilienberg in Blast Furnace and Steel Plant, July, 1922, 
and the author’s paper, Control of Centrifugal Casting by Calcu- 
lation, in MrCHANICAL ENGINEERING, November, 1921. (Robt. 
F. Wood, Metallurgical Engineer, Newark, N. J., in The Metal 
Industry (New York), vol. 23, no. 5, May, 1925, pp. 186-189, 5 
figs., tp) 


Centrifugal Casting of Large-Diameter Cast-Iron Pipes 


Description of a process operated by Centrifugal Casting, 
Ltd., at Kilmarnock, England, by which pipes have been produced 
with diameters up to 36 in. 

The most interesting future of the new arrangement is the pourer 
(in America the pourer is also known as the “spout’’) by which 
metal is supplied from the ladle to the mold. The important prob- 
lem in centrifugal casting of this character is to deposit the metal 
evenly over the whole surface of the rotating mold. It was first 
attempted to do this by a pourer equipped with a horizontal weir 
edge of approximately the length of the casting to be produced, and 
arranged to be tilted by partially rotating about its axis in such a 
manner that the metal was deposited on the surface of the rotating 
die in a continuous sheet of a length approximately equivalent to 
that of the casting being produced. This pourer was first modified 
by forming the weir edge in a series of steps varying in height along 
the length of the trough. This gradually led to giving the weir 
edge such a shape as to form a portion of a helix. The partial 
rotation or tilting of this trough through the complete angle sub- 
tended at the axis of the pourer by the difference in level between 
the two ends of the weir edge is said to result in the continuous 
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deposition of the molten metal in a complete series of annular 
rings of narrow width, depending upon the velocity of the molten 
metal supplied. This system is referred to as the Hurst-Ball 
system. The castings as produced do not need annealing. (The 
Engineer, vol. 139, no. 3615, Apr. 10, 1925, pp. 416, 4 figs., d) 


Making Castings in Permanent Molds 


Description of a process developed essentially by two men, 
Hubert A. Myers and H. 8. Lee, the purpose of which is to make 
such castings as pistons, sash weights, etc. The molds in which 
the castings are made have to be quite hot, and in practice it was 
found that the metal of the castings had a tendency to stick to the 
metal of the molds. 

After a good deal of trouble this was obviated by impregnating 
the iron of the mold with zinc. When the molten metal strikes the 
surface of the mold this causes an extremely small amount of the 
zine to gasify and sets a thin film of gas between the metal and the 
mold. Careful design of the mold is required to overcome the 
tendency of this gas to be distributed unequally over the surface 
of the mold. It is claimed that the castings made by this process 
are soft and machinable. By changing the thickness of the mold, 
chills may be produced when desired. This feature is illustrated 
in plow points which are made by this process. (Jron Trade Review, 
vol. 76, no. 21, May 21, 1925, pp. 13825-1328, d) 


FUELS AND FIRING (See also Engineering Materials: 
Thermonit Mortar and Firebrick Dope: Special 
Processes: Open Hearth with Furnace Pressure 
Control) 


The Trumble Oil-Shale Cycle-Distillation Plant 


Description of the experimental plant of M. J. Trumble at 
Alhambra, Cal. Mr. Trumble is the inventor of the Trumble re- 
fining process, the Trumble gas trap, and other devices extensively 
used in the oil industry. The process is cyclic in character, i.e., 
instead of distilling oil from the shale in one operation and then 
distilling the crude oil into gasoline and other products in a second 
operation, the gasoline is produced from the oil shale through one 
continuous operation in which the crude oil occupies only an inter- 
mediary stage. 

The shale broken to fairly small sizes is first delivered to a pre- 
heater and subjected to a temperature of 400 deg. cent. From there 
it passes to a retort. Vapors from the cracking still (which is a 
later element in the process) enter the lower part of the retort, 
come in contact with the raw shale preheated to 400 deg., lose a 
part of their own heat, and raise the temperature of the shale. 
Superheated steam is injected at this stage. 

The entire product from the retort goes to the dephlegmator 
where a separation and condensation is made of the light and the 
heavy oil. Light cut, or gasoline distillate, passes to an agitator 
where the pyridine and other impurities are removed as an acid 
sludge, which is later redistilled to recover the pyridine and the 
acid. The light-cut gasoline is redistilled in the presence of satu- 
rated steam and condensed into water-white gasoline. The heavy 
cut is returned to the cracking still where it is recracked and foilows 
the cycle. 

The cracking stills are of essentially conventional design, except 
that a revolving spiral device removes the accumulating carbon 
around the tube from which it is carried to a carbon pot. Steam 
and oil vapors from the retort pass to a steam turbine connected to 
a generator to produce electricity for general power uses. 

Tests on the crude shale oil and gasoline made by Prof. R. A. 
Baxter at the Colorado School of Mines (complete figures in the 
original article) show a promising production as far as the char- 
acter of the product is concerned. No data as to the percentage of 
recovery are given. (Combustion, vol. 12, no. 5, May, 1925, pp. 
354-355, 1 fig., d) 


HYDRAULIC ENGINEERING 


The Homeyard Hydraulic Valve 


DescripTION of a high-pressure hydraulic valve guaranteed to 
operate at 3500 lb. per sq. in. pressure without leakage, and manu- 
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factured by Glenfield and Kennedy, Ltd., Kilmarnock, Scotland. 
It consists of a gun-metal body A which is bored out to receive two 
gun-metal spindles, B, B, one of which acts as a pressure valve and 
the other as an exhaust valve. These two spindles are coupled 
together at the top by means of a connecting lever C and crossheads 
D, D on the top of the spindles. At a point midway between the 
two spindles on the lever a pin F and two side links F, F are fitted 
these latter passing down the sides of the valve body to the under 
portion, and being connected together at their bottom ends by a gun- 
metal crosshead G. On this crosshead there bears a small ram H 
the cylinder of which is bored out of the valve body, looking down- 
ward; the hydraulic supply for this ram is taken from the inlet 
branch of the valve through a small hole drilled at /. 

The constant downward thrust is thus exerted on the small ram 
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H, which thrust is transferred through the side links F, F and lever 
C to the valve spindles B, B. As the valve spindles themselves have 
pistons of exactly the same size at top and bottom and are therefore 
in equilibrium, the constant thrust from the small ram H tends to 
keep the valve closed. The valve lever C is rounded at its outer 
end and bears in a recess formed in the cam plate J on the handle 
K, the rubbing surface on both the valve lever and handle being case- 
hardened to avoid wear. 

When the handle is moved upward or downward it moves the 
engaging end of the valve lever in the opposite direction, and thereby 
raises one or other of the valve spindles, the one at rest on its seating 
forming the fulcrum for the time being. 

If, now, the handle be raised or lowered sufficiently, it throws the 
end of the valve lever entirely out of the recess in the cam plate, 
so that it bears on the circumference of the cam plate, and thus 
locks the valve in the open position. Directly, however, the opera- 
tor moves the hands back sufficiently to allow the valve lever to re- 
enter the recess in the cam plate, and removes his hand from the 
handle, the small ram on the underside of the valve body brings 
both lever and handle to the mid-position, thereby closing both 
spindles down on their respective seats. 

It is stated that in the smaller sizes the finger and thumb alone are 
sufficient to control pressures up to 1000 lb. per sq. in. In the 
double-ported-valve type one handle only is required for the two 
cylinders. (Mechanical World, vol. 77, no. 1999, Apr. 24, 1925, 
p. 268, 1 fig., d) 


Reduction of Velocity in Measurements of Water Flow 


One of the methods of measuring water is to take readings at 
a few points located a little under the surface of the water. In 
order to derive the average velocity of flow u from the sub-surface 
velocity readings uo or in order to derive the flow directly from the 
formula Q = uF, wherein F is the cross-sectional area of the flow, 
a number of formulas have been proposed, some of which are dis- 
cussed in detail by the author. He then proposes a method of his 
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own which he claims is more precise than those now used. This 
method is based on the following considerations. If it is intended 
to construct a complete curve of flow (i.e., one suitable for high 
water also) for a flow profile, it is necessary to select a profile as 
uniform as possible and located in a straight section of the flow. 
If this is done it is permissible to consider in the first approximation 
the various water levels of the given cross-section as similar. Let 
then the average profile velocity at the level h be u and at h’ be 
u’. In accordance with the dimensional theory, u = [lt] and u’ = 
{l’t’-']. If we write l’ = Nl and t’ = 7t, then 


ue = —U........ ocstos, Soe 


This equation holds good also for the corresponding average ve- 
locities at the cross-section, or 


r 
uy = ~ vo eee 


where the average velocities of the cross-section have to be calcu- 
lated in accordance with 


Sw f,,.) 
= (fio 9) 
w= - F [13] 
(f being an element of the area of the cross-section). From Equa- 
tions [11] and [12] it follows that 


u P . . 
— u’o... ere 
Up 

Putting u/uo = k, and in order to take care of the imperfect simi- 
larity of the various cross-sections through which the flow takes 
place, making the exponent of u’y not 1 but v, which has a value 
only a little different from unity, then 


© = Buy........ Lena mbichias [15] 


For practical purposes, however, it is more convenient to give 
Equation [15] the logarithmic form of 


log u = vlogu+-z...... ae. [16] 


The constants v and x may be computed by means of measurement 
over the same cross-section at a large number of points wherever 
this is possible, and the computation may be carried out by the 
method of least squares, though the author recommends preferably 
the use of the correlation method as giving a better insight into the 
mutual relations of the various factors. 

The author gives an example in the form of tables of eight mea- 
surements carried out with a precision of 1.2 per cent, and claims 
that where the measurements have been made very carefully the 
average error is still lower. He points out, however, that it is not 
desirable to apply Equation [16] to any case where, in the compu- 
tation of v and z, the correlation factor r is less than 0.95, because 
in such a case the profile is either very irregular or quite variable. 
(Wilhelm Reitz, Chief of the Hydrographic Bureau for Steiermark 
in Graz, in Schweizerische Bauzeitung, vol. 85, no. 19, May 9, 1925, 
pp. 239-240, t) 


INTERNAL-COMBUSTION ENGINEERING (See 
Testing and Measurements: Codes for Recording 
Heavy-Oil-Engine Trials) 


MACHINE PARTS AND DESIGN (See Metallurgy: 
Gears) 


Convention of American Gear Manufacturers’ Association 


THE convention took place in Pittsburgh, May 6-9. In a paper 
on the Development of the Gear Art, Frank Burgess, president of the 
Boston Gear Works, Quincy, Mass., stated that the gain in the 
direction of the harder material was at the expense of quietness. 
One had the choice of an untreated gear of short life on the one hand, 
or a hardened but noisy gear on the other, there being more or less 
distortion in the best heat treatments. 
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Refinement of inspection instruments and of gear-cutting mach- 
inery were pointed to as the latest developments in the gear ‘‘art.”’ 
Various recently developed testing instruments were enumerated 
and the improved testing equipment available was said to prac- 
tically permit of visualizing the “noise” in a pair of gears and 
definitely place the fault at the machine or the cuter. It was 
thought that there is a field for some American tool manufacturer 
in the development of a simple noise-testing instrument with a re- 
cording device, so that noise can be standardized. The final test of 
a gear, it was said, is the noise test, and regardless of the instru- 
ments used to check the accuracy of the gear in its manufacture, if 
the gear is noisy it is rejected. 

The ground-tooth gear was stressed as an important develop- 
ment of recent years. In a laboratory test made by Mr. Burgess’ 
company, an 8-pitch, 16-tooth hardened steel pinion with hardened 
teeth was arranged to run with an 8-in.-pitch-diameter cast-iron 
spur gear. Both gears were of 1'/,in. face and operated at a 
peripheral speed of 600 ft. per min. This combination is said to 
have developed 40 hp., although according to the Lewis formula 
the rating of a soft-steel pinion running with a cast-iron gear of 
this size would not be more than about 5 hp. The large amount 
of power transmitted by this combination was said to be due to 
the fact that the hard, smooth surface of the ground-tooth pinion 
engaging the cast-iron gear served to glaze over the teeth of the 
cast-iron gear, giving it at the same time a hard and smooth or 
burnished surface. 

In discussing Future Possibilities in Gear-Manufacturing Equip- 
ment, F. W. England, vice-president of the Illinois Tool Works, 
Chicago, stated that it was not beyond possibility that alloys might 
be developed that would permit of casting gears in molds and ob- 
tain equal strength to those now made by forging and cutting. 
These cast gears probably would be finished by grinding only, 
using helicoidal grinding wheels of unusually large diameters and 
grinding several gears simultaneously. 

The possibilities of the swaging process applied to steel had not 
vet been exhausted. Eventually we might have completed gears 
formed by enormous pressure exerted for a sufficient time for the 
alloy material to flow into accurate molds. 

Spur and spiral gears, sprockets, spline shafts, and a variety of 
special gears are made by hobbing, which, it was said, has surpassed 
its brother methods in rapid production of high-grade work. It 
was predicted that automatic generating machines equipped with 
hobs made of steel of increased strength and hardness, ‘‘will soon 
appear at the horizon of thought to find some one to pilot them safely 
to shore.” Present hobs are cylindrical cutters of comparatively 
quick peripheral curvature, and they will, therefore, not form 
straight gear teeth without traversing the face of the gear. Hobs 
of larger diameter have slower curvature and can be fed faster 
without affecting the finish, but economical construction of a hob 
of sufficient diameter to cut a géar within practical limits, without 
the traverse feeding, is beyond comprehension. A suggestion for a 
hobber, it was stated, may be derived from the caterpillar tractor. 
Such a machine would have an endless chain for a cutter, a chain 
provided with hob teeth, against which the work would be fed 
radially. 

Both speakers emphasized the importance of the generating 
process of forming gear teeth, F. W. England thinking in terms of 
machines with magazine loaders, continuous moving generators, 
gear blanks automatically fed to the generators, and finished gears 
departing from them by conveyor to be placed in the automatic 
loaders of other machines to perform the next operation. 

The other papers dealt with the influence of gear development in 
the automobile industry, the gear industry on the Pacific coast, 
limiting values in spur gears, and the application to gear design of 
photoelasticity. (The Iron Age, vol. 115, no. 20, May 14, 1925, 
pp. 1435-1437, g) 


MACHINE TOOLS 


A.C. Reversing Motor-Drive Arrangement for Planers 


“cc 


Description of a drive (referred to as ‘super drive’’) for planers 
intended to permit of all the advantages of a direct-connected re- 
versing motor drive in plants in which only alternating current is 
available. The advantage of the direct-current adjustable-speed 
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motor connected directly to the planer is due to the higher cutting 
and return speeds, the ease of obtaining any cutting speed, the 
accuracy of reversal, and the lower maintenance cost of the re- 
versing motor drive. 

In the “super drive’? equipment a direct-current adjustable- 
speed reversing motor is connected directly to the planer. Current 
for this motor is furnished by a generator driven by a motor which 
uses the a.c. current from the main line. The connections between 
the planer motor and the generator are never broken when in use, 
and therefore a controller with a multiplicity of relays and contac- 
tors for carrying the large armature current is not required. The 
entire control of the motor for direction and speed is obtained by 
manipulation of the small field current of the generator. Re- 
versal of the field current of the generator changes the direction of 
the generated current and reverses the rotation of the planer motor. 
Reversal of the generator field is by means of an oscillating drum 
switch operated by dogs on the table, the contacts being closed and 
opened under oil in the inclosing case. 

Changes in speed of the planer motor are obtained by varying 
the field current of the generator. Reducing and increasing the 
field current lowers and increases the voltage of the generated cur- 
rent, respectively, and lowers and increases the speed of the planer 
motor. The changes in the field current are obtained through 
separate rheostats adjusted by hand for the cutting and return 
strokes; therefore any cutting speed may be used with any return 
speed within the range of the equipment. Cutting speeds up to 
60 ft. per min. and return speeds as high as 160 ft. per min. can be 
obtained. 

A feature emphasized is the safety pendant switch, which is 
suspended from a swivel on the arch or cross-tie of the planer by a 
flexible cable, thus placing it close at the operator’s hand when 
working. The entire control of the table motion, starting, stopping, 
reversing, or jogging by small fractions of an inch, is obtained by 
the single knob on this switch. The machine when running may 
be stopped instantly by pushing the knob upward. (The Iron Age, 
vol. 115, no. 18, Apr. 30, 1925, p. 1274, d) 


Compound Car-Wheel Lathe and Grinding Machine 


Description of a heavy-duty machine made by Hulse & Co., 
Ltd., Salford, Manchester, intended for use in machining worn car 
wheels. 

The conditions of locomotive and railway car wheels when 
brought in for re-turning are essentially different, as deep cuts are 
often necessary on locomotive wheels. In car wheels there is in 
general little flange deformation, but in many cases flats form on 
the circumference of the tread and hard spots are present as the 
result of skidding. These cannot be turned through and the com- 
mon practice is to take a cut deep enough to get well under them. 
This is, however, a wasteful method, as more than the necessary 
amount of metal is taken off. 

The grinding wheel lathe described here has been introduced 
mainly to obviate this wastage. It consists essentially of two 
headstocks each with suitabie drivers for driving the wheels, two 
tool rests and two self-contained grinding heads. Each tool rest 
is fitted with a gaging device and four tools—one for the tread, 
one for topping the flange, a forming tool for the flange, and a tool 
for the chamber. These tools are set to determined positions by 
a gage. 

By means of the gaging device the operator can find the lowest 
point of wear on each wheel, i.e., the maximum diameter up to 
which it is possible to clean both wheels. A cut is started on the 
treads and on the flange simultaneously, and due to the indexed 
rule on the tool slide and the tool being set to the gage, it is insured 
that both wheels are similar in diameter. The tread on the outside 
is slightly humped up for about 1 in., partly owing to rolling of the 
metal, and it is possible to turn this before encountering the hard 
places, and when they are reached the turning is stopped. It is 
possible, of course, to omit this turning, but generally it is the more 
economical method. 

The remainder of the tread is ground, and it is possible, due to 
this method, to just clean up the wheels, leaving the semblance of 
the previous outline. After the grinding is completed on the tread, 
the flange is finished with the former tool. (The Railway Gazette, 
vol. 42, no. 20, May 15, 1925, pp. 672-673, 2 figs., d) 
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MARINE ENGINEERING 
Results Obtained with the Rotor Ship 


THE original article contains a table giving actual figures, in 
particular, of wind direction and speed, indicated and effective 
horsepower, tower-motors horsepower, total horsepower, speed in 
knots, the U/V factor, which is the ratio of speed at circumference 
to speed of wind, ete. For generating the necessary power to turn 
the rotors at a rate of 110 r.p.m. a 45-hp. Diesel-driven dynamo is 
used. It appears from the figures given in the original article that 
under the most favorable circumstances the thrust developed by 
the rotors is equivalent to that given by about 110 to 120 hp. It 
would appear that a certain limit for the dimensions of the rotors 
is set, and this leads to a recommendation not to design rotors of 
larger dimensions than necessary to give about 50 per cent of the 
total thrust required for attaining a certain speed of the vessel. 
The conclusion arrived at is that about 20 per cent of the average 
horsepower of a propeller-driven vessel of, say, 11 knots may be 
taken over by rotors. The development which is foreseen is in the 
direction of having a propeller-driven vessel assisted by rotors, 
with only about 20 per cent of the power developed by the latter. 
(Article based on communication from Dr. Ernst Foerster, German 
Naval Architect, in Marine Engineering and Shipping Age, vol. 
30, no. 5, May, 1925, pp. 275-279, 5 figs., dg) 


MATERIALS HANDLING 
Materials Handling in the Foundry 


ANALYZING the conditions prevailing in a foundry producing 
100 tons of good castings daily, the author finds that 168 tons of 
materials have to be handled for every ton of goods produced. 
This includes the handling of equipment, patterns, sand, and the 
completed mold. He comes to the conclusion that there is probably 
no industry of heavy production which quite compares with the 
foundry business in the tonnage of materials handled to that of the 
tonnage produced. 

In the handling of raw materials by manual labor the ordinary 
laborer will handle from 10,000 lb. to 100,000 lb. of material per day, 
depending upon the character and distance that the material is 
handled. In well-equipped foundries this averages about 40 tons 
per day per man of all the men employed, including the molders 
and other skilled men. It is obvious that the skilled men spend 
most of their time doing common labor and handling materials. 
The necessity, as well as the possibility, of handling materials in 
foundries with the proper facilities is apparent. The foundry, 
when viewed from the standpoint of material handling, offers a 
fruitful field for real progress. (Max Sklovsky, Chief Engr., Deere 
& Co. in Open Shop Review, reprinted in American Metal Market, 
vol. 32, no. 94, May 16, 1925, pp. 7, 9, 11 and 37, p) 


METALLURGY 


Some Metallurgical Considerations of Gears 


THE ARTICLE here abstracted contains among other things a 
chart giving the chief characteristics of gear steels. It comprises 
chemical composition, mechanical properties, and heat treatment 
necessary for gears made of various types of steel, both plain carbon 
and alloy. 

The subject of production of blanks from which gears are made is 
discussed extensively. The author points out that there is a correct 
and a totally wrong way of making blanks. (Figs.2and3.) The di- 
rection of the grain of steel in gears is of paramount importance, and 
the author shows that there is a vast difference between gears made in 
the correct way and those made in the wrong way, whether made 
from rolled bars or forgings. The fact that the resistance to impact 
stresses, as measured by the Izod impact test, when such stresses 
are transverse to the direction of the grain of the steel, is more than 
twice that when the stresses are along the grain, is proof that this 
point is one to be noticed in particular. It is probably a common 
experience to most engineers to know of instances where gears have 
given satisfactory service for a time but have ultimately broken 
down in some of the teeth, and it may often be noticed that such 
teeth as prove defective are opposite to each other, while others are 
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quite sound, although it is obvious that all the teeth have been 
subjected to precisely the same work and strain. The reason for 
this is often proved to be that the gear has been made from bar 
steel with the grain running across the gear as shown in Fig. 4, 
instead of the correct way as shown in Fig. 5. Apart from other 
considerations, this example should be sufficient to prove clearly 
the great desirability of always making important gears in the 
correct way. The correct way is also the most expensive, but the 
slight increase in manufacturing costs is more than made up by the 
superiority of the finished gear. 








SECTION A.B. 


Fic. 2 DIAGRAMMATIC REPRESENTATION OF GEAR MADE BY THE WRONG 
METHOD OF STAMPING DIRECT FROM THE STEEL Bar 


(In approximately half the gear teeth the lines of flow of the steel cut across the 
roots of the teeth, making them brittle and liable to break off.) 











Fig. 3 DraGRAMMATIC REPRESENTATION OF GEAR MADE BY THE CORRECT 
MetTuHop oF “‘Up-ENDING”’ THE STEEL 

(The lines of flow of the steel run along each tooth, which makes them all equally 
strong and resistant toimpact. Compare with Fig. 2.) 

As regards the selection between carbon steels and alloy steels, 
it is claimed in the first place that it is dangerous to harden carbon 
steels too much, as they are apt to become more brittle than are 
alloy steels at the same hardness. It is true that many manu- 
facturers still pin their faith to carbon-steel gears which have been 
hardened to about 100 tons tensile, but this practice is not good and 
is liable to result in trouble. At about 50 tons tensile such steels 
as these give quite good service for ordinary work, but after this 
their use is very limited. 

The most important feature about alloy steels is that they are 
capable of being hardened to a high hardness figure and still retain 
a comparatively large percentage of ductility or toughness, which 
fact does not apply to carbon steels. Moreover, they are exceed- 
ingly strong, and having a high yield-to-break ratio are less liable 
to take a permanent set when severely stressed. Again, they mostly 
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are capable of being heat-treated in such a way as will make them 
highly resistant to impact stresses, which is one of the greatest 
factors in their favor for use as gears. 

There are, however, certain disadvantageous features in alloy 
gears. In the first place, alloy steels require very careful manipu- 
lation throughout their entire manufacture, are mostly expensive to 
purchase, and are not easily machinable as compared with other 
steels. Furthermore, unless they are properly heat-treated they 
are not to be relied upon, and are, in fact, somewhat dangerous, 
because faulty heat treatment which has been applied without ade- 
quate knowledge of their pecularities is prone to produce a struc- 
tural condition which will scarcely compare with those obtainable 
from ordinary carbon steels. 

In one respect alloy steels are, in the main, liable to suffer from 
a peculiar and highly important malady, which is that called 











kia. 4 ENpwisk) Impact Figures (FT-LB.) oF GEAR Mabe By WRONG 
Metuop, AS ILLUSTRATED IN Fic. 2 


Fie. 5 LENGTHWISE) Impact Figures (FT-LB.) OF GEAR MADE By 
Correct Metuop, as ILLUSTRATED IN Fia. 3 


“temper brittleness.” The manner in which temper brittleness 
manifests itself is that it is possible to heat-treat an alloy steel to 
give a perfectly good combination of all the usual mechanical proper- 
ties with the exception of its resistance to impact stresses, and it is 
this lack of impact value which is called temper brittleness. It 
follows, therefore, that a gear can be made which will be excellent 
in every way except in that characteristic, which is perhaps the 
most important of all, because if a gear is lacking in resistance to 
impact then its teeth are liable to break off. It is known, however, 
that the cause of this is slow cooling after tempering, and so it is 
absolutely imperative to insure that all gears are quickly cooled 
after they have been heated to their tempering temperature, 
which ean be done by simply quenching in oil or water. 

The case of special alloy steels, including case-hardening steels, 
for gears is also discussed. (MET. in Machinery (London), vol. 
26, no. 655, Apr. 16, 1925, pp. 77-81, 6 figs., pA) 


MOTOR-CAR ENGINEERING 
New Rolls-Royce Overhead-Valve Engine 


THE new engine is 4'/2 in. bore by 5!/2 in. stroke, six-cylinder, 
and is rated at 43.3 hp. under the formula of the Royal Automobile 
Club. Actually, however, it will develop in excess of 50 hp. at 
2250 r.p.m. and it is stated that it can be run at well over 3000 r.p.m. 
without valve trouble. 

The engine is fitted with a friction-driven flywheel damper at 
the front end completely enclosed in the half-time wheel casing with 
all the driving gears. The latter are of the helical spur-wheel type 
and are driven by a Rolls-Royce special friction-damped spring 
drive from the crankshaft. As many parts as possible are enclosed. 
Thus the camshaft, rollers, tappets, and driving gear are completely 
enclosed within the base chamber, and all other parts of the valve 
mechanism are also enclosed and automatically lubricated with 
low-pressure oil. The valve spring and rockers are likewise en- 
closed and the valve clearances are adjusted by eccentric bushes 
in which the rockers are carried. A special feature of the engine is 
a system of synchronous automatic spark advance by means of 
Which both systems of ignition are controlled through a centrifugal 
governor. The latter is arranged to control the oil supply to a 
small servo-motor which gives ample power to operate the various 
ignition-control levers. 

The arrangement also constitutes a safety device, because the 
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oil for the servo-motor is supplied from the main lubrication system, 
and should the latter fail the ignition is automatically returned to 
zero, thus giving warning to the driver. 

The single-ended water pump is arranged with a double gland 
so that oil or grease can be forced into the sealed space between the 
two packings, forming an effective water lock. (Engineering, 
vol. 119, no. 3098, May 15, 1925, p. 605, 2 figs., d) 


POWER-PLANT ENGINEERING (See also Air Ma- 
chinery: Aerodynamo Wind Mill: Steam Engineer- 
ing: True Efficiency of Impulse Turbines) 


The Large Water-Tube Boiler 


AFTER reviewing the developments which have taken place in 
power-station practice in the United States and elsewhere, the 
author of the paper under consideration was led to suggest that 
rapid developments were likely to occur in England also, and he pre- 
dicted, “on official authority,” a fourfold growth in England’s power 
requirements during the next ten years, and with a view to obtain- 
ing this power as cheaply as possible, it is essential that the boiler- 
room efficiency should be high. This involves the use of high- 
powered boilers. The requirements to be met in the design of 
large boilers are, the author suggests, a capacity of 100,000 lb. to 
300,000 Ib. of steam per hour, positive immunity from tube troubles, 
immunity from priming at high duties, high efficiency, boiler and 
furnace suitable for continuous operation for long periods without 
stoppages from minor causes; and the design should be such that 
high working pressures of 500 Ib. per sq. in. and upward could be 
employed. The exact form of boiler which would be capable of 
fulfilling all these exacting conditions is, of course, not specified, 
but it is suggested that in view of recent improvements which have 
enabled the evaporative duty to be increased by 50 per cent, utiliz- 
ing all available knowledge and experience, there are no insuperable 
difficulties to be overcome. The question of the respective merits 
of boilers of the sectional type in which the tubes are connected to 
headers as against those in which the tubes are connected to drums 
are considered by the author, but his conclusion is that it will be 
best for both types to develop side by side until a more decisive stage 
is reached. 

An essential corollary to the design of the boiler is the design of 
the furnace and the grate. It is obvious that the furnace should 
possess proper and ample proportions if large quantities of coal 
are to be completely and efficiently consumed. Recent develop- 
ments in the design of wide stokers and high-duty grates have al- 
ready made the construction of the large boiler possible, but there 
are certain weaknesses in the furnace which have to be overcome, 
and the author suggests remedies for these. Of the greatest in- 
terest as indicating the methods whereby high rates of combustion 
are to be obtained, is the section of the paper dealing with pulverized 
fuel. It is suggested that the present encouraging results which 
have followed the use of pulverized coal may revolutionize the whole 
science and practice of steam raising from coal. The effect on the 
design of the furnace is already becoming obvious, but an equaily 
important effect will probably be apparent in the layout of the equip- 
ment for storing, handling, and feeding the coal to the furnaces. 
This, the author asserts, will be to facilitate the introduction of the 
large-powered boiler unit with higher efficiency and the elimination 
of the present cumbersome forms of coal- and ash-handling plant, 
and generally to lead to substantia] reductions both in first cost and 
the subsequent upkeep of boiler plants. 

In conclusion, the author utters a word of caution by suggesting 
that the problems surrounding the introduction of very large units 
are of too important a character to be assumed by those responsible 
for any one station. The whole conception requires to be examined 
and reviewed under conditions in which the widest knowledge and 
experience should be pooled. This, he suggests, is only possible by 
setting up a technical committee, constituted in such a way as to 
have the countenance of the Electricity Commissioners on the one 
hand and the complete confidence of those who are responsible for 
large power stations on the other. Some such course as this would 
relieve any one electricity undertaking from the necessity of making 
departures or experiments which might not be generally approved. 
At the same time the lines along which progress should be made 
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would be settled impartially, and in this way the public interest 
would best be served. There is much to be said in favor of this 
suggestion, although we are inclined to doubt the wisdom of the 
formation of yet another committee which, in the absence of any 
actual results to guide them, could do little else but make sugges- 
tions as to the lines along which progress could be made. It ap- 
pears to us to be not unlikely that development in the size of boilers 
will come about gradually, even as it has in the turbine units, as 
the demand for power in congested areas increases. When it is 
found by actual experience that boilers of large size can be econom- 
ically constructed and operated, the builders will be encouraged 
to design even larger units, and power engineers to install them. 
(Philip W. Robson. Paper before Institution of Civil Engineers, 
London, Mar. 24, 1925. Compare editorial in The Power Engineer, 
vol. 20, no. 230, May, 1925, pp. 161-162, g) 


Stokers vs. Pulverized Coal 


A PAPER of a somewhat controversial nature, being essentially 
a plea for the stoker as against pulverized-coal firing. 

The author gives a chart showing that in this country 12,000,000 
boiler hp. are fired by stokers (92.5 per cent) and only 200,000 hp. 
(1.5 per cent) by pulverized coal. He states, moreover, that stokers 
are being installed at the rate of 750,000 hp. a year. 

There have been large developments in stoker engineering, as 
a comparison of stokers of only a few years ago with modern stokers 
will show. Among these stokers may be mentioned the stokers at 
the Kearny Station of the Public Service Production Co. of New 
Jersey. These Kearny stokers represent the highest state of de- 
velopment of modern stokers, are 24 ft. 10 in. in depth overall, 
27 ft. 9 in. in width, and 16 ft. 3in. high. The rotary ash-discharge 
pit of the Kearny stoker is almost equal in depth to the length of 
the old stoker. 

In thinking of recent stoker development, the value of this change 
is not generally realized, and many engineers think that the only 
development in stoker construction has been in the length. In 
the modern stoker there is a fundamental principle which has com- 
pletely changed the velocity of both fuel and air. This has resulted 
in a very decided change in the scrubbing action between these two 
elements. 

Work is now in progress looking toward the further zoning of a 
fuel bed, and future developments will probably be more and more 
confined to portions of a fuel bed rather than to the fuel bed as a 
whole. For example, the rotary ash discharge has a vertical depth 
almost as great as the length of our older stokers, making it possible 
to design a stoker installation so that one of the largest losses in 
stoker operation will be reduced, namely, the combustible in the ash. 
The point is that a combustion system must offer quite as much 
opportunity to the man who wants capacity as to the one who wants 
efficiency. The stoker of today does just that. The older stoker, 
on high-capacity runs, necessarily had to burn coal rapidly and get 
rid of the ash quickly because a single particle of coal had very little 
time to spend in the furnace. 

The higher fuel-burning capacity per foot of furnace width also 
has made possible the building of high and narrow boilers with many 
times more heat-absorbing surface per square foot of floor space 
covered than was previously considered practical. The single long 
stoker also has a number of important advantages over the shorter 
double-set arrangement which it is rapidly rendering obsolete. 
It is naturally easier to operate one stoker than two, less power is 
required, and there is much lower maintenance. Also, the single 
stoker gives a continuous fuel bed under practically the entire length 
of the tubes, eliminating the area of low combustion in the center 
occasioned by the ash-discharge mechanism necessarily located 
in this position. 

In the original installation at the Hell Gate station, two 14-re- 
tort stokers, each 17 tuyeres deep, with a double-roll rotary ash 
discharge between them, were used under each boiler, having a 
depth between end walls of 19 ft. 1 in. 

In the new installation, a single 33-tuyere stoker with rotary ash 
discharge takes the place of the two stokers, and while it is much 
longer than its 17-tuyere predecessor, it reduces the furnace depth 
between end walls to 15 ft. 6 in. 

The author divides recent stoker development into four periods, 
the second ending with 1920. In the third period high and narrow 
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boilers and long stokers became the rule, while in the fourth period 
a number of improvements were brought out in the design of new 
stokers, the most important of these being the velocity of fuel and 
air in the different zones of the fuel bed. Furthermore, the rotary 
ash discharge was widely adopted and the design of the stoker came 
to be varied to control the travel of the coal vertically, in addition 
to the former exclusive control of horizontal travel. 

The author proceeds next to the discussion of the subject of heat 
losses and heat recovery, and produces diagrams of heat balances in 
stoker-fired and pulverized-coal-fired plants. As regards the latter, 
he compares the losses shown by the St. Joseph Lead Co.’s plant 
with those of the Lakeside Station, both of which are pulverized- 
coal plants, and from statements made in the technical paper of 
the U. S. Bureau of Mines comes to the conclusion that the higher 
thermal results obtained at Lakeside were due to physical heat- 
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recovery devices rather than to anything that might be inherent in 
pulverized-coal burning. 

He next produces performance curves of modern stokers. In 
this connection the following quotation is made: 


A paper presented before The American Society of Mechanical Engineers 
in December, 1924, gives a number of pulverized-coal tests. In an endeavor 
to find the characteristic performance boiler rating curve, all of these tests 
were plotted as shown in Fig. 6, giving the relation between efficiency and 
boiler rating. There seems to be a very wide variation in these results 
and the range of operation seems very limited. 

This paper, however, did not give any of the results obtained in the tests 
at the plant of the St. Joseph Lead Company as published by the United 
States Bureau of Mines, and these tests were plotted because they show 
the results obtained with pulverized coal with ordinary boiler construction, 
such as solid brick walls, and with no water screens, no hollow wall construc- 
tion, no economizer, no heat-recovery advantages, no combustion control, 
etc. A curve of the Lake Shore plant at the Cleveland Illuminating Com- 
pany has been added also. 

These same results were plotted to show the relation between efficiencs 
and the coal fired per cubic foot of combustion space per hour. The re- 
sult is as shown in Fig. 7. Still there is no characteristic curve apparent. 


As regards comparative tests of stoker and pulverized-coal equip- 
ment, the author makes a general statement to the effect that the 
pulverized-coal equipment is handled with great care and represents 
the latest developments, while tests on stokers in no case show 
any similar attempt to secure from them their highest possible 
efficiency. To show how little reliable information as to the ad- 
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vantages of the two systems may be derived from such tests, the 
author gives curves showing side by side the performance of an 
old stoker and a new one. He also claims that stoker-fired plants 
can be and are operated at much higher ratings. For example, 
it is reported that the Lakeside plant at Cleveland (pulverized coal) 
is operating around 180 per cent of rating, while the monthly aver- 
age at the Hell Gate plant (stoker) is 237 per cent. 

In the discussion which followed, John A. Hunter (Mem. 
A.S.M.E.), Steam and Sanitary Engr. of the American Sheet and 
Tin Plate Co., Pittsburgh, Pa., made the following statement: 


This paper is of particular interest to me, because at the Annual Meeting 
of The American Society of Mechanical Engineers the advocates of powdered 
coal apparently had everything their way, and would almost persuade one 
that the stoker was relegated to the scrap heap. I have not become so 
enthusiastic over the use of powdered coal as to agree with this theory, 
for I believe (although the use of powdered coal is going to be greatly ex- 
tended) that for some time, particularly for industrial work and until a 
great many things in the preparation and firing of powdered coal have been 
worked out, stokers will still be used. 


Sidney J. McAuliffe, Cons. Engr., Gilbert McAuliffe, Ltd., Mel- 
hourne, Australia, who has for nearly a year been inspecting power 
plants in America, came out in the defense of pulverized coal. 
The author (Jos. G. Worker), in his paper had stated that cement 
engineers were considering eliminating the use of pulverized coal 
in kilns. Mr. McAuliffe wondered what they considered adopting 
in its place and thought that if it was complete gasification there 
would be two sets of losses instead of one. The flexibility of con- 
trol of pulverized fuel seemed to be its greatest merit. Furthermore, 
figures actually obtained on American pulverized-fuel installations 
of present-day representative efficiency showed an exceedingly 
small amount of unconsumed carbon in the ashpits. Those in- 
terested in pulverized coal, in introducing a new line of thought in 
combustion, had put decidedly greater technical effort and engi- 
neering knowledge and skill into their work than had ever been 
demonstrated in boiler-room practice of the past. Previous prac- 
tice had been to sell cast-iron stokers at so many cents per pound. 
Perhaps it was that kind of practice that had so deeply wounded the 
stoker interests. 

A further statement was made by Mr. Worker, the first part of 
which is quoted verbatim. 


At the meeting of The American Society of Mechanical Engineers in 
New York in December, information was asked for as to the cost of main- 
tenance in pulverized-coal plants. Mr. John Anderson, of Milwaukee, in 
discussing this, stated that his company had been operating a pulverized- 
coal plant for four years and during this time had pulverized many thousand 
tons of coal. He stated that any figures given would have to be qualified 
in one way or another. The result at this meeting was that no figures on 
the maintenance of pulverized-coal plants were given out. Mr. Anderson's 
plant has probably been in operation longer than any other pulverized-coal 
central-station, and if its maintenance figures could not be given as worth 
anything, no other maintenance figures from more recent pulverized-coal 
plants would be worth anything for comparison. 


In further discussion Mr. McAuliffe made two statements. 
The first was that in Australia with pulverized coal they had been 
able to burn 90,000 B.t.u. per cu. ft. of furnace volume in their 
larger locomotives with water-cooled walls all around the furnace, 
16 per cent CO. and no CO. The second statement was about a 
remarkable pulverized-fuel plant which he had seen in America 
where it was claimed they were actually burning over one-half 
million B.t.u. per cu. ft. of combustion space with practically no 
refractory loss in the furnace chambers. 

H. W. Brooks (Mem. A.S.M.E.), Fuel Engr., Pittsburgh Experi- 
ment Station, U.S. Bureau of Mines, said that he had also seen the 
new type of pulverized-fuel furnace of which Mr. McAuliffe had 
spoken. His statement is also quoted verbatim. 

I know the gentleman who is making the tests on it—a former Bureau 
of Mines man—and, though I have made no tests personally, from his re- 
ports and from those of the chief operating engineer of one of the largest 
public-utility syndicates in the United States under whose direction these 
tests are being conducted, I sincerely believe the statement that they are 
burning more than 500,000 B.t.u. per cu. ft. of combustion volume. This, 
I understand, is roughly forty times what is being done at Lakeside. A real 
degree of originality is being exercised in these tests. They are following 
out entirely new lines. It is a most interesting development which gives 
promise of revolutionary accomplishment. 

As regards pulverized coal generally, Mr. Brooks expressed the 
opinion that pulverized coal was not the panacea for all fuel-burning 
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evils, but a new tool placed in the hands of engineers so that they 
might develop the proper technique for its most efficient utilization. 
The proper line of demarkation between the fields for the stoker 
and for pulverized fuel should be ascertained as speedily as possible, 
although the rapid developments in both fields since the World 
War had made the establishment of this division line difficult so far. 
He further stated that unless such a line was established soon, some 
concerns might be putting in pulverized coal that might find their 
needs better served by stokers, and vice versa. A check of the 1923 
stoker figures published by the U. 8. Department of Commerce as 
compared with the installations of 1924, showed that there was not 
a single month during 1924 when the horsepower of stokers in- 
stalled was as high as in the corresponding month of the preceding 
year. Pulverized fuel was therefore making a deep impression in 
the fuel-burning industry. 

These figures were questioned by the author, who found that for 
the two months of October and November, 1924, the sale of stokers 
exceeded those for the corresponding months in 1923, and that the 
sale of stokers for 1924 exceeded the reported sale of water-tube 
boilers. 

In conclusion it may be of interest to present a summary of the 
principal advantages of the modern stoker of the latest design as 
set forth by Mr. Worker and of pulverized fuel as presented by Mr. 
Brooks. 

Stoker Advantages. 1. Enables more coal to be burned per foot 
of furnace width. 2. Affords greater length of high-temperature 
zone. 3. Permits use of high and narrow boilers. 4. Results in 
more uniform thickness of fuel bed. 5. Gives higher efficiencies 
at high ratings. 6. Allows greater stoker area to be installed 
under old boilers. 7. Provides better fuel-bed conditions for high- 
ash coals. 8. Burns out the fuel more completely. 9. Lowers 
cost of installation. 10. Does away with double-ended stoker 
applications, therefore reducing power consumption and main- 
tenance and simplifying operation. 11. Allows entire lower row of 
boiler tubes to receive radiant heat, reducing furnace temperature. 
12. Reduces cost of stoker installation per unit of capacity. 

Pulverized-Fuel Advantages. 1. The ability to secure maximum 
evaporation per pound under wide variations of load factor, fuel, 
and other conditions. 2. The ability to maintain maximum- 
capacity conditions over long periods. 3. The ability to meet 
widely varying capacity conditions with a wide variety of fuels. 
4. The ability to maintain practically maximum efficiency over a 
wide capacity of range. 5. The ability to meet almost instan- 
taneously any sudden peak demands without later interruption to 
continuous service. 6. The ability to bank over long periods with 
a minimum fuel loss. (Higher Thermal Results in the Boiler 
Room, and the Relation between Efficiency and Economic Values, 
Jos. G. Worker, Mem. A.S.M.E., Asst. to the President, American 
Engineering Co., Philadelphia, in Proceedings of the Engineers’ 
Society of Western Pennsylvania, vol. 41, no. 2, Mar., 1925, original 
paper, pp. 33-55, and discussion, pp. 56-80, cpA) 


RAILWAY ENGINEERING 
A New Lima Locomotive 


Description of a locomotive of the 2-8-4 type with maximum 
boiler capacity and a four-wheel, booster-equipped, articulated 
trailing truck. 

One of the features of design is the use of two trailer axles and the 
consequent reduction of weight at the rail with equal spacing of the 
trailer wheels relative to the rear drive and the front tender wheel. 
It is claimed that this not only permits improvement in the loco- 
motive itself, but also results in materially improved track reactions. 

The weight of the engine alone in working order is 385,000 lb., 
of which 35,500 lb. is carried on the leading truck, 248,200 on the 
driving wheels, and 101,300 lb. on the trailing truck. This latter 
weight is so distributed that 46,600 lb. is carried on the smaller 
front wheels of the trailer, while the back wheels carry a load of 
54,700 lb. It should be noticed that the weight on the rear truck 
of this engine is much heavier than is common in general practice, 
and it can readily be seen that such an arrangement permits of a 
larger boiler and more grate surface than was possible with the 
use of two-wheel trailing trucks. 

As regards the cylinders, they are constructed entirely of cast 
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steel. All cored passages are eliminated, which makes it possible to 
produce the cylinders of cast steel with thin walls. Another in- 
teresting feature is the arrangement of the front and back valve- 
chamber heads, and the exhaust-steam passages. Two flanged 
connections are provided on each of the front valve-chamber ex- 
tensions, one for the exhaust-steam pipes and one for the pipe which 
is used for conveying exhaust steam from the cylinders to the feed- 
water heater. On the back valve-chamber extensions or heads, 
which also carry the valve crosshead guides, there are flanged 
connections for the back steam pipes. The exhaust passages are 
not cast in the cylinders, as is common practice, but instead four 
exhaust pipes, entirely separate from the cylinders, have been 
provided. One end of each of these exhaust pipes is bolted directly 
to the valve-chamber extension and the other to the cylinder cast- 
ing, where they connect with short passages cored in the cylinders 
which lead directly to the exhaust nozzle. The saddle, joint faces, 
frame pads, steam-pipe and relief-valve connections, and the general 
arrangement are almost identical with those of the usual type made 
of cast iron. 

By constructing the cylinders of cast steel instead of cast iron, 
their weight was reduced approximately 4000 Ib., all of which was 
used to much better advantage in increasing the size and capacity 
of the boiler. 

The boiler was designed so that at maximum horsepower output 
the combustion rates would not exceed 100 lb. of coal per sq. ft. 
of grate per hour, and the rates for average work be far under this 
figure. It is claimed that this design under normal conditions will 
operate at a very advantageous efficiency and at the same time 
provide large reserve capacity for severe and extraordinary condi- 
tions. 

The boiler is of the extended wagon-top type, 86'/2 in. in diameter, 
and operates at a pressure of 250 lb. per sq. in. 

The firebox is probably the largest ever used on an engine having 
similar proportions. It is of the radial stayed type, 96'/, in. wide 
by 150'/s in. long, with a grate area of 100 sq. ft. There are five 
3'/--in.-diameter arch tubes in the firebox supporting a sectional 
brick arch. Flexible staybolts are used throughout in the construc- 
tion, the first four transverse rows of crown stays being of the ex- 
pansion type. 

The limited cut-off with compensated ports has been applied to 
this engine because this arrangement at low speeds produces a very 
uniform turning moment, with the result that a much higher aver- 
age tractive power for a given driver-wheel weight can be secured 
than with a full-stroke locomotive. With 240 lb. boiler pressure and 
60 per cent cut-off an indicated tractive power of 69,400 lb. has 
been obtained. The ratio of this tractive power to the weight on 
drivers is 3.58, which is an unusually low factor of adhesion. The 
engine, however, is not slippery, because of the even turning mo- 
ment. 

The combination of the boiler pressure and cylinders capable of 
extremely high horsepower output coupled with a boiler propor- 
tioned for generating steam at moderate combustion rates is said 
to open up entirely new possibilities for locomotive units of greatly 
increased power and efficiency. (Railway Review, vol. 76, no. 18, 
May 2, 1925, pp. 799-810, illustrated, dA) 


REFRIGERATION (See also Thermodynamics: The 
Specific Volume of Superheated Ammonia Vapor: 
Pressures of Aqueous Ammonia Solutions) 


A Refrigerator without Moving Parts 


DescriPTION of a refrigerator invented by two Swedish engineers, 
Carl Munters and Baltzar von Platen. For this invention the 1924 
Polhem medal was awarded. 

The inventors have carried to the desired conclusion researches 
and inventions by a Frenchman, Carres, and a German, Geppert. 

The former aimed at reducing the power required for compression 
purposes in the ammonia system of heat absorption (i.e., cooling). 
He still retained a reducing valve, through which the liquid ammonia 
at higher pressure was expanded at a lower pressure to gas form, 
thereby seizing upon any available heat and causing the desired 
refrigerating effect. 

Geppert carried the Frenchman’s idea a step further and dis- 
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covered that refrigeration could be obtained without any difference 
of pressure if the apparatus was filled with a neutral non-absorbent 
gas, which, by its presence, bridged the pressure gap between the 
evaporator on the one side and the generator and absorber on the 
other. Thus Geppert eliminated the compressor and reducing valve 
but the absorbing liquid (water) required mechanical assistance for 
its circulation, and a further source of inefficiency inherent in Gep- 
pert’s design, in which the generator and absorber were combined 
in one apparatus, necessitated for its partial elimination the in- 
troduction of a mechanically driven fan. 

The Munters-Platen system is a self-contained apparatus in 
which the same pressure exists in all parts, and in which heat 
applied to one portion of an enclosed system produces cold in another 
portion of the system. 

The following is the method adopted, but it should be pointed 
out that calculations have been made for any combination where: 

A is any suitable 
il, gasifying medium—in 
the following descrip- 
tion it is ammonia. 

B is any absorbing 
medium—in the follow- 
ing description it is 
>) water; and 
—_ = —>= C is any non-absor- 
: : bent gas (whether cap- 
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REFRIGERATOR therefore the cooling 

b uly ; 

An absorber A, where the ammonia gas is absorbed by water 
(and incidentally heat given off in the process); and 

A temperature exchanger 7', whose function will be described. 

The automatic circulation of ammonia gas and absorbing water 
is brought about by very ingenious means. 

The evaporator K contains a strong so!ution of ammonia in 
water. At its base there is a heating body which is heated either by 
lamp or, better still, by an electric resistance. Round this body is 
coiled a pipe which projects above the surface of the liquid in the 
evaporator. When heat is applied, this pipe becomes so hot that 
the water inside it boils, and rising, discharges into the evaporator, 
and ammonia gas is driven off. By this means ammonia water 
is continuously drawn from the absorber A through the inner coil 
of the temperature exchanger into the evaporator K, and, as stated, 
ammonia vapor is driven off from it. 

We shall now follow the ammonia-gas circulation, and later 
return to follow the adventures of the water. 

Proceeding from evaporator K the ammonia gas passes through 
the condenser X, where it becomes liquid and proceeds to the gen- 
erator (the refrigerating portion), which is filled with oxygen. 

In the generator the liquid ammonia, by cooling its surroundings, 
becomes gasified and mixes with the hydrogen. The resultant gas 
mixture is heavier than is the pure hydrogen, and therefore the 
mixture, by reason of its weight, passes through pipe R’’, into the 
absorber, where it meets a shower of water. The water absorbs 
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the ammonia gas, which gives off its latent heat (and cooling of this 
portion is therefore necessary—it is cooled by water, which later 
proceeds to the condenser X), and the hydrogen, denuded of its 
heavier ammonia-gas content, becomes lighter than was the gas 
mixture, and so rises and passes again into the generator by way of 
pipe #’, and so continues to circulate automatically. 

A feature introduced into the actual apparatus as made, but which 
for the sake of simplicity, is not shown on this diagram, is that 
pipes PR’ and R”’ are laid one inside the other, forming another 
temperature exchanger, in order that the cold gas mixture on its 
way to the absorber may become heated and the warmer hydrogen 
on its way to the generator may be cooled by the exchange of heat 
on the contraflow system. 

Now, we must return to the question of the circulation of the 
absorbing agent (water). 

The water partly denuded of its ammonia content on entry into 
the upper part of the evaporator K, is still further denuded of 
ammonia by the heat applied at the evaporator base. This water 
flows away by gravity from the evaporator by means of a pipe 
situated through the outer coil of the temperature exchanger 7’, 
being cooled as it proceeds, and enters the absorber A at its upper 
end. Being relatively free of ammonia it readily absorbs the 
ammonia gas contained in the ammonia and hydrogen atmosphere 
existing in A and falls to the bottom of A, being once more a strong 
solution of ammonia. It is withdrawn from A through the tem- 
perature exchanger, being heated as it passes along until once more 
it passes through the heating coil in the evaporator already referred 
to, and so, being heated violently, rises and discharges once more 
into the evaporator. This completes the description of the cycles 
for the gasifying medium, the absorbing medium, and the non- 
absorbent gas medium, which are continuous. 

It will thus be seen that the only motive force for the whole 
apparatus which sets these cycles in operation is derived from a 
heating coil, and that by the application of heat to this one portion 
the refrigeration desired is obtained in another portion and, as 
already stated, the pressure in the apparatus is the same in all 


parts and the whole forms a hermetically sealed system. (R. W. 
In The Mach imery Market, no. 1278, May l, 1925, p. 4 a 3 
figs., d) 


SPECIAL PROCESSES 
Open Hearth with Furnace Pressure Control 


A DESCRIPTION of a process where the control of the incoming 
and outgoing gases in an open-hearth furnace has been accomplished 
by the use of two absolutely similar fans capable of acting alter- 
nately as blowers of incoming air and exhausters of outgoing gas. 
It is claimed that a furnace thus handled becomes as nearly as 
practically possible a balanced furnace, under complete operating 
control. The process was developed by Mr. Isley of the Morgan 
Construction Co., Worcester, Mass. The arrangement in addition 
to the two fans referred to above involves also the use of two short 
stacks which serve alternately as inlets for atmospheric air and as 
outlets for the gases of combustion. 

With this arrangement air is preheated from atmospheric tem- 
perature to about 550 deg. fahr. in the inlet stack. It is then drawn 
through the blower, passed through the incoming checkers, and 
supplied to the furnace through simple flue arrangements. The 
speed of the two fans can be controlled instantly and the required 
relation then established at the will of the operator. Moreover 
the reversal of the furnace is almost instantaneous, and it is claimed 
that nearly two hours are saved in each 24-hour period due to 
quicker reversals. It is said that an acid-open-hearth unit equipped 
with this arrangement has been in service in a steel plant in New 
England for nearly nine months, and appears to have given satis- 
faction. (F. J. Crolius, Editor, Blast Furnace and Steel Plant, 
vol. 13, no. 5, May, 1925, pp. 190-192, 4 figs., d) 


STEAM ENGINEERING 


The True Efficiency of Impulse Turbines 


_WuEN designing steam turbines it is usual to base the propor- 
tioning of rotors at the given number of revolutions and given head 
of heat on the “efficiency at the periphery of the wheel” or indi- 
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cated efficiency. The windage is then subtracted from the turbine 
output thus arrived at and the difference, less usually small bearing 
friction losses, etc. is supposed to give the true turbine output. 

However, the maximum value of the true efficiency does not in 
any way coincide with the most favorable indicated efficiency, 
which makes it desirable to establish the relation between the true 
and indicated efficiencies. 

Let the case considered be that of a single-rim, single-stage im- 
pulse turbine. Using the notation of the velocity diagram of Fig, 











Fig. 9 Venociry DiaAGRAM FoR A SINGLE-Rim, SrnGue-StTaGe IMPULSE 


TURBINE 


9 and assuming that the entrance and exit angles are equal, the 
indicated efficiency is 


Co 
—- g cosa—] 


u 6) Peelers | 


This expression shows that 7: for a given angle a depends only 
on the velocity ratio co/u. The windage output of a single wheel, 
according to tests made at the German General Electric Co., may 
be expressed in horsepower in the following manner (Stodola, Steam 
and Gas Turbines, 5th German edition, p. 166): 


y,«( i 22 [2] 
« r a rD 4 101° —eo ee 


Here B is the arc of admission in meters, 8 a constant, D the average 
blade-wheel diameter in meters, L the length of the blades in centi- 
meters, n the number of revolutions, and v3 the specific volume of 
the steam at the exit from the wheel in the cubic meters per kilo- 
gram. 





m = 21+ y) = 


. , ° - ™ 
I:quation [2] may also be expressed in the form of NV, = f (: ) 


All magnitudes in what follows are in meters, meters per second, 
and cubic meters per kilogram (see the equivalents of compound 


metric units at the end of the abstract). Usually 
3G, 
B= — 
3600 Cial 


where G, is the useful steam in kilograms per hour, v; the specific 
volume at the entrance to the blade, and cis the axial component 
of ¢. The length of blades at the exhaust from the wheel is 


L = 1 —, wherelis the height of the nozzle in meters. If now 


yor 
we insert the values for B and L in Equation [2] the following ex- 
pression will be obtained for the windage output in horsepower: 


er Gn 1 4 Ve ng 25 
eit (1 3600 ciel +) eed re 


The meaning of 1, v2, and v3 as specific volumes of steam is apparent 
from Fig. 10, as referring to the various points of state. From this 
it will also appear that in the first approximation it is permissible 
to set ve = v3. 

If, however, the windage output be referred not to the total mass 
of steam G, kg. per hour, but to 1 kg. per sec., the windage work 
per second will be expressed in meter-kilograms by the following 
equation: 
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It should be noted, however, that 
v1iG, = 3600 gcoF ea sin a 


where F.. is the axial section at entrance in square meters. From 


this, after certain transformations, is obtained 
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Fie. 10 SecrTion FROM THE MOLLIER DIAGRAM 
(Diisenverlust = Loss in the nozzles.) 
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Fic. 11 Erricrency oF A SinGLE-STaGeE Impu.tse_TURBINE 
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and with D = = («) (*) this is converted into 
us 
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The true efficiency expressed by 





L: — Le | 
eos 
Lo Lo 
after the substitution of the value of L, and certain minor trans- 
formations, becomes 














a 60 a 
Ne = 1 + ~\? PY ee [4] 
u u 
where 
_ 75 X 10? X 60* X 298 C lL 
a= 10: Yo sina and \ = aPagt" [4a] 


In this expression only the member y [y does not appear in the 
actual expression for a.—Ed.] is dependent upon the velocity at 





Vou. 47, No. 7 
exit ¢ and the number of revolutions. Thus, for example, if 
8 = 2.27, g = 0.95, Y = 0.9, and sin a = sin 16 deg. 42 min., 

0.3 18 


dial dll + ei co\* 
u u 


If Equation [4] be expressed in the form 


Me = 1+ Y— 2rz.. 
where 





it will be seen that it is only necessary to plot one (yi + y) curve 
Co 


valid for all values of ¢) and u with ea as abscissas, and from this 


curve read downward the values of z multiplied by y; this will give 
the curve of efficiencies. Such a curve has been plotted in Fig. 11; 
also the z-curve plotted with due consideration of the variability 
of y. These curves are good for all single-rim single stages where 
8 = 2.27, g = 0.95, and a = 16 deg. 42 min. The 7. curve has 
been plotted in the same figure for a special case. It shows how 
much smaller a peripheral velocity must be selected in order to 
obtain the most favorable true efficiency than to obtain the in- 
dicated efficiency. 

In order to reduce the work of reading off the values of Az from the 
(ni + y) curve, one may resort to the graphic method shown in 
Fig. 12, which by a simple projection gives the product Az provided 
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Fie. 12 Grapnic MULTIPLICATION OF VALUES \ AND 2 
(The original caption reads y and Z.) 


the height h is known [caption of curve in the original article 
states y/z]. Here 
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where a is the distance of the two ordinates in accordance with 
Fig. 12. The scale for the h-line is selected in the same units as 
fora. (H. Richter, Hamburg, in Zeitschrift des Vereines deutscher 
Ingenieure, vol. 69, no. 18, May 2, 1925, pp. 603-604, 4 figs., t)) 
(1 meter-kilogram = 7.2330 ft-lb.; 1 cubic meter per kilogram 
16.06 cu. ft. per Ib.) 


TESTING AND MEASUREMENTS (See also Hydraulic 
Engineering: Measurement of Velocity of Water 
Flow) 

Codes for Recording Heavy-Oil-Engine Trials 


One of the objectives of the Heat Engine Trials Committee 
appointed by the Institution of Civil Engineers some years ago was 
to formulate codes for recording the results of various engine trials. 
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A special committee was appointed in due course by the main 
committee to deal specifically with the tabulation of the results 
of the heat-engine trials, and a meeting was held at the Institution 
building in London on May 6, 1925, for the purpose of discussing 
the standard code drawn up by the latter body to cover heavy- 
oil-engine trials. 

In tabulating the report, the general information and design 
data are drafted in such a manner that constituent parts not in- 
cluded in the installation to be tested can be deleted. It is not 
practicable to arrange the code to cover extreme cases of divergence 
from standard or generally accepted design, but the committee 
have endeavored to make it sufficiently wide to cover all normal 
divergences in design. The contents of the code are tabulated in 
five parts under the respective headings of general information, 
design data, and detailed description of engine; methods of mea- 
surement; mean observations derived from log sheets and prelimin- 
ary deductions; final deductions; and heat account. The code is 
accompanied by a comprehensive series of notes for the purposes 
of instruction and elucidation. 

The discussion which took place at the meeting mainly centered 
on the form of code desirable for industrial tests. It was suggested 
by several of the speakers that the items on the report marked with 
an asterisk formed an unnecessarily comprehensive list for many 
forms of test, and if adhered to would render an ordinary commercial 
test prohibitive in cost. In this connection, it appears desirable 
to define the type of engine to which the code is intended to apply. 
If any engine using a fuel covered by the specifications drawn up 
by the British Engineering Standards Association for heavy oils 
is regarded as a heavy-oil engine for purposes of definition, the power 
may vary between 5 and 500 hp. or over. Small engines which are 
turned out to standard designs in large numbers are thus included, 
and it is obvious that the industrial code was never intended to 
apply to engines of this type. The task of drawing a hard-and- 
fast line of demarcation appears to us to be impossible, and it is 
probable that the limit of application of the code can well be left 
to the manufacturer. The degree of standardization achieved 
rather than the actual size would appear to be the crucial test, in 
that it might be desirable to use the code in the case of quite a 
small engine of new type, but it would become unnecessary to apply 
it to every engine of the same type turned out after the design 
became standardized. 

It has been also suggested that the results of trials might be 
divided into three classes based on the power of the engine and that 
each class might have its appropriate code, but this did not meet 
with approval. It has been further suggested that the meaning 
of the term “manufagturers’ rating’ should be clearly defined be- 
cause of the variation of these ratings between English and Con- 
tinental and American firms. 

The question as to whether the calorific value of the fuels should 
be specified as the gross or the net value was discussed at some 
length. Captain H. Riall Sankey mentioned that this point had 
received the careful attention of the committee, and that bearing 
in mind the decision reached by the Boiler Trials Committee, they 
had desired to adopt the gross value. The main argument in favor 
of the gross value is that it can be definitely determined by means 
of an ordinary calorimeter without troubling about the water of 
condensation, whereas the net value depends upon a correct de- 
termination of the latter, and upon chemical estimations which are 
outside the usual range of engineering practice. In speaking in 
favor of the use of the gross value, R. H. Parsons pointed out that 
the use of this value was more logical, as it represented the actual 
calorific value of the fuel, and although the difference in the two 
values could not be utilized by the ordinary engine, it was more 
reasonable to regard this as a failing of the latter rather than as a 
fundamental fact. More than one speaker expressed the opinion 
that it was desirable to insert both values in the code, and it was 
finally agreed that a suggestion to this effect should be made to the 
committee, with a recommendation that the gross should be re- 
garded as the standard value. A proposal was made by Mr. W. 
A. Tookey that a note should be appended on this point giving the 
percentage difference between the two values for computation 
purposes, and the speaker suggested that this might be taken as 
10 per cent in the case of gas and 7'/: per cent in the case of oil. 
Mr. Parsons objected that 10 per cent could not be regarded as 
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even an approximate figure in the case of gases containing a large 
percentage of methane, and it was agreed that it would be necessary 
to modify the figure in this case. (Engineering, vol. 119, no. 3098, 
May 15, 1925, pp. 611-612, gA) 


THERMODYNAMICS 
The Specific Volume of Superheated Ammonia Vapor 


Dara of an investigation carried out at the Bureau of Standards, 
where a series of observations has been made upon the specific 
volume of pure superheated ammonia vapor by means of intro- 
ducing weighed masses of ammonia into a constant-volume gas 
thermometer of known capacity, and observing temperatures and 
corresponding pressures. 

Adsorption has been either corrected for or proved negligible by 
taking observations with two or more containers of about the same 
capacity but of different areas of internal surface. 

The observations cover a temperature range from —35 to +300 
deg. cent. and were made at specific volumes of from 85.5 to 1300 
cu. em. per gram. 

The precision of the observations, except for those at the lowest 
pressures, is approximately 3 in 10,000. The accuracy is 1 in 
1000 or better, and for the higher pressures up to 100 deg. cent., 
is probably 4 in 10,000. 

A modification of the equation which appears in the Bureau of 
Standards’ Tables of Thermodynamic Properties of Ammonia 
has been adopted to represent the data. The form adopted is the 
same as has been used to calculate similar metric tables not yet 
published, and is as follows: 

4.97881 9 3.40645 & 10° 
p 693 


(3.6934 + 3.17646p)102° —6.0435p510 
oe gi ~~ gis 





+ 107°(5730.00 — 393.4p + 25.58p?—0.6077p' + 0.006907 p*) 6 
— 2.528 —0.036p 


In order to obtain consistent tables of the properties of ammonia, 
the equation is necessarily a compromise between the various data 
obtained at the Bureau both for saturated and superheated am- 
monia, and does not represent the data of this investigation with 
the highest precision. The equation can be modified to agree with 
all the data on superheated ammonia only, and represent the re- 
sults of the present investigation within 3 or 4 parts in 10,000. (C. 
H. Meyers and R. 8. Jessup, Assistant Physicists, Bureau of Stand- 
ards, Washington, D. C., in Refrigerating Engineering, vol. 11, no. 
10, April, 1925, pp. 345-350 and 354, 4 figs., egA) 


Total and Partial Vapor Pressures of Aqueous Ammonia Solu- 
tions 


MEASUREMENTS have been made and experimental values ob- 
tained for these pressures. The equations are quite complex and 
are given in the original paper for total pressure on page 18 and for 
the relationship between the concentration of the solution and the 
vapor pressure of the water above that solution on page 29. This 
latter equation has been used to calculate a table of partial pressures 
of water vapor above aqua ammonia over a certain range, and from 
this other tables have been calculated. 

The application of the tables and diagrams to the ammonia 
absorption process is illustrated by employing them in a particular 
ease. (Thos. A. Wilson in Bulletin No. 146 of the Engineering 
Experiment Station, University of Illinois, vol. 22, no. 23, Feb. 2, 
1925, 47 pp., 7 figs., e) 
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The Benefits to Industry Resulting from 
Standardized Practice! 


N its work on industrial standardization the American Engineer- 
ing Standards Committee has had occasion to compile a fairly 

complete statement of the advantages which accrue to industry 
from the adoption of standards. These advantages are the greater 
with each succeeding stage of development—from standards entirely 
within a given plant to those prevailing throughout an industry, 
and finally to those which are national in scope and to a greater or 
less extent affect nearly all industries. 

National standards, as will be seen from the analysis below, afford 
the advantages named to an enhanced degree as compared with 
standards accepted only within a given industry. Similarly, as the 
public appreciation of the value of standardization becomes greater, 
there will be a stronger and stronger movement toward the develop- 
ment of international standards, such as have already been attained 
to a considerable degree in connection with ball bearings, and as are 
now under consideration by a number of countries in respect to sizes 
of paper, screw threads, and the proportions of bolts and nuts with 
the corresponding wrench sizes. 

For convenience, the gains due to standardization have been more 
or less loosely classed under four general heads as follows: 

Systematizing of business 

Enlargement of markets 

Better service to the consumer 

Reduction of direct and indirect expense. 


I—SyYsTEMATIZES BUSINESS 


1 Standardization expedites business processes, shortens the 
time required for delivery, and stabilizes production, employment, 
and financing, making it safe to build up stock during slack times 
against future orders. 

2 It furthers the tendency to put business undertakings on a 
systematic basis and to eliminate purely traditional practices. 

3 It tends to eliminate indecision—both in production and 
utilization—thereby greatly promoting efficiency and saving time 
and materials. 

4 It favors development work and the quick utilization of new 
research, by affording a definite point of departure at which new 
studies and improvements in design and manufacture can begin. 
It brings out the need of new facts in order to determine what is 
best and most economical and to secure agreement on most ques- 
tions. 

5 It makes easier and more certain the efficient intermembering 
and interworking of apparatus and reduces the engineering and 
operating problems involved in such cases. 


II—ENLARGES MARKETS 


1 Products -manufactured in accordance with standards that 
are nationally recognized, reach a wide market through the effective 
and dignified national publicity that is given the standards during 
their development, the period of public criticism before their adop- 
tion, and finally by their adoption as standards. (For example, 
non-standard fire-hose couplings are known only to the firm making 
a particular form, and to its limited list of customers and users of 
the product; whereas fire-hose couplings made in accordance with 
the American national standard thread design quickly become 
known to and recognized by architects, owners, and managers of 
buildings, city, county, and state inspectors and officials, insurance 
companies, piping contractors, manufacturers of fire-protection 
equipment, water-works engineers, and other important groups.) 
By this public recognition of standard products, local use of the 
product becomes national, and qualities known and accepted in 
one industry become known and accepted in industry generally. 





1 Prepared by F. J. Schlink, Assistant Secretary, American Engineering 
Standard Committee, and published in the January, 1925, issue of The 
Purchasing Agent. 


Engineering and Industrial Standardization 


2 Standardization will build up foreign trade. In gaining 


recognition for its standards in foreign countries, an exporting coun- 
try establishes an important point of contact and business outlet 
for its industries. 

3 It simplifies the buyer’s problem and raises the standard of 
salesmanship by focusing attention upon fundamentals. It pro- 
tects the buyer, who can ordinarily have no first-hand or expert 
knowledge of the things bought. Furthermore, with standardiza- 
tion, buyer and seller are enabled to speak the same language; 
and due to the simplification which it affords, of the issues likely to 
arise, such disagreements as occur can be settled by the interested 
technical experts, as they should be, without the necessity of resort 
to the courts. Standardization helps in placing competition upon 
the basis of essentials and in eliminating minor and irrelevant varia- 
tion, so saving much time and expense on the part of both the buyer 
and seller. 

4 It simplifies the problem of ordering, since standard material 
need not be described in detail but may be referred to by a recog- 
nized name and a generally accepted capacity or size designation, 
or number. 


III—Betrer SERVES THE CONSUMER 


1 Standardization favors interchangeability of parts due to the 
higher accuracy of standardized manufacture, and so makes pos- 
sible quick deliveries in adequate volume in emergencies. It as- 
sures prompt and satisfactory replacement of parts in making re- 
pairs, as fewer items have to be carried in stock; in emergencies such 
parts can be taken from other machines or equipment not in use 
at the moment. 

2 Itincreases quality of production due to practical elimination 
of errors of manufacture and shipment resulting from increased and 
improved facilities for inspection and test; and due to employment 
of improved tools, materials, and processes, made possible by re- 
duction in the number of these required and by the saving in over- 
head expenses; the product at the same time tending toward lower 
and lower prices relative to the prices obtaining on non-standardized 
products. Standardization thus makes the best available for the 
many. Examples are seen in the very high standard quality of in- 
candescent lamps and of copper wire for electrical use. 

It furthers efficient codperation between the units of industry; 
experience gained in standardization work is of direct value in 
furthering coéperative endeavor in other technical lines. 


IV—Repvuces Direct Anp INDIRECT EXPENSE 


1 Standardization reduces investment in raw materials, semi- 
finished and finished stock, and repair parts, and simplifies and 
renders less costly the maintenance, distribution, and inventory 
of stocks of materials, patterns, molds, jigs, templets, tools, dies, 
gages, instruments, and special machinery, as well as decreasing the 
storage equipment, personnel, and space required. It saves a 
multitude of diverse bids, bills, vouchers, payments, and receipts 
due to the decreased diversity and number of working materials 
used; and it permits the salvaging of standard parts from obsolete, 
rejected, or worn-out tools or equipment, with the result of mini- 
mizing losses due to stock depreciation and obsolesence. 

2 By fixing good practice, it establishes quality and eliminates 
the burden of repeatedly designing and setting up machines 
for the manufacture of similar articles which would better be iden- 
tical, or substantially so. 

3 It decreases unit costs by permitting mass production, thus 
reducing the number of changes and adjustment of machines re- 
quired, and permitting continuous employment of personnel, in 
large measure preventing seasonal unemployment and part-time 
use of tools and machines. In these and in other ways it simplifies 
the problem of financing the business. 

4 It reduces the number of specially trained workmen required, 
by reducing the number and variety of processes and operations. 

5 It increases output of workers by making possible the appli- 
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cation of specialized machinery and tools, and results in increased 
skill and speed of working due to repetitive processes. 
6 It decreases the work of personnel in 

a Supervision and training of shop workmen, who do not 
have to become familiar with so many products, tools, 
and processes. 

b Designing and drafting and other engineering of product, 
by permitting concentration of expert knowledge on a 
few highly developed lines. 

ec General administration and management, by making pos- 
sible more complete and less expensive advance planning 
and calculation in estimating, scheduling, ordering, record- 
ing, and cost accounting; and after manufacture, in con- 
veying, distributing, and shipping of product; testing 
and inspection; bookkeeping; maintenance, repairs, and 
operation. It reduces the cost of all these because there 
being fewer items to keep track of. 

d Selling. A standardized product can be sold more readily, 
as the purchaser is aware of its advantages, can make his 
selection more rapidly, and has confidence in its quality 
and performance. 





A.S.M.E. Boiler Code Committee Work 


HE Boiler Code Committee meets monthly for the purpose of consider- 

ing communications relative to the Boiler Code. Any one desiring 
information as to the application of the Code is requested to communicate 
with the Secretary of the Committee, Mr. C. W. Obert, 29 West 39th St., 
New York, N. Y 


The procedure of the Committee in handling the cases is as 
follows: All inquiries must be in written form before they are 
accepted for consideration. Copies are sent by the Secretary of 
the Committee to all of the members of the Committee. The 
interpretation, in the form of a reply, is then prepared by the Com- 
mittee and passed upon at a regular meeting of the Committee. 
This interpretation is later submitted to the Council of the Society, 
for approval, after which it is issued to the inquirer and simul- 
taneously published in MECHANICAL ENGINEERING. 

Below are given interpretations of the Committee in Cases Nos. 
ISI, 491, 492, 493, and 494, as formulated at the meeting of April 
24, 1925, all having been approved by the Council. In accordance 
with established practice, names of inquirers have been omitted. 


CaseE No. 491 


Inquiry: Is it permissible under Par. U-61 to transfer the stamp- 
ings on steel plate without the authorization of an inspector for 
such transfer of markings under the power boiler rules? 

Reply: It is the opinion of the Committee that the requirement of 
Par. U-61 regarding the transferring of stamps applies to the cut- 
ting of large sheets into smaller ones, as well as laying out. At- 
tention is called, however, to the requirement in the last sentence 
of this paragraph that the form of stamping shall be such that it 
can be readily distinguished from the original plate-maker’s stamp- 
ing. 


CasE No. 492 


Inquiry: Is the maximum unit working stress of 8550 Ib. per sq. 
in. for brazed vessels applicable in the formula for the calculation of 
dished heads, when such heads are brazed into the vessel? This 
would force the manufacturers to use heavier heads for brazed 
tanks than required for tanks of riveted construction. 


_ Reply: Attention is called to the fact that the maximum unit work- 
ing stress for brazed vessels as given in Par. U-94 is applicable for 
the determination of the stresses in the shell where affected by 
the brazed joint. For the original calculation of the dished 
head the stresses specified in Par. U-36 are applicable, and the 
requirement of Par. U-94 applies to the connection of the heads 
to the shell in the vessel. 


Case No. 493—(In the hands of the Committee) 
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Case No. 494 


Inquiry: Is it permissible in the construction of large riveted 
vessels for storage of compressed air, to use nozzles of cast-iron 
construction, riveted to the shell, for 6-in., 8-in. and 10-in. pipe-size 
connections? 

Reply: The Code for Unfired Pressure Vessels does not place 
any restrictions upon material required for nozzles or connections 
to such vessels. It is the opinion of the Committee that the use of 
properly designed cast-iron nozzles riveted to the shells of air tanks 
will constitute safe practice. 


National Government Educates for Engineering 


M EMBERS of The American Society of Mechanical Engineers 
. and readers of MECHANICAL ENGINEERING will be interested 
to know that the National Government has educated for the en- 
neering profession hundreds of men, and still has in training for this 
profession many hundreds more. 

These men are in training in the leading colleges and universities 
of the country and are scattered from coast to coast. The chief 
cities in which this training is given, and the number of men being 
trained for mechanical engineers in these cities, are as follows: 
Boston, 22: New York, 10; Philadelphia, 19; Washington, D. C., 
3; Atlanta, 16; Cincinnati, 9; Chicago, 26; St. Louis, 3; Minneapolis, 
16; and San Francisco, 6. 

This educating of men for the engineering profession is a part of 
the work of training and educating the soldiers who served in the 
American Forces during the World War and who received wounds 
and disabilities that have prevented them from following the same 
occupations that they did before the war. This work is now enter- 
ing upon its last phase and will terminate on June 30, 1926. 

The scope of this rehabilitation work by our Government is 
realized by few. It has been going on since 1918. Nearly 180,000 
disabled soldiers, from every section of the country, have been 
trained for almost every conceivable occupation. Some have been 
enrolled in practically every university, college, and school in the 
country, while thousands of others have been trained “on the job” 
in factories and workshops. More than 92,000 have finished their 
training and have been declared rehabilitated, and practically all 
of these have been placed in the kind of employment for which 
they were trained. Some 25,000 men still remain in training, and, 
as stated above, several hundreds of these are studying engineering. 
A large number of these will be declared rehabilitated and ready 
for employment in this month of June due to their graduation from 
schools and colleges. 

The National Government’s work in connection with the rehabili- 
tating of the disabled soldiers is carried on under the auspices of the 
United States Veterans’ Bureau, a separate department of the 
Government directly under the control of the President. 

The men that are being trained for the engineering profession are 
students in the best schools of the country. Much thought was 
given by the Bureau to the previous preparation, ability, and suit- 
ability of these men for the engineering profession before they were 
permitted to begin their course of study. The Bureau is preud 
to report that many of its students of engineering have carried off 
honor grades in various schools. 

It is the duty of the Veterans’ Bureau, as provided for under the 
Acts of Congress affecting this work, to secure employment for the 
men whom it has trained, and the Bureau feels certain that it is 
appealing to a most receptive portion of the general public when it 
asks the members of The American Society of Mechanical Engineers 
to render codperation and assistance to the Government in placing 
the men whom it has educated for the engineering profession. 

As the Bureau has branch offices in practically all of the large 
cities of the United States, effective contact can be made by those 
interested with any one of these offices. The United States Vet- 
erans’ Bureau, Central Office, Washington, D. C., solicits corre- 
spondence and inquiries from members of the engineering pro- 
fession who might consider favorably taking into their offices one 
or more of these deserving men who are ambitious for success in 
engineering. 

FraNK T. HINngs, 
Brig. Gen.; Director, U. S. Veterans’ Bureau, 








A.S.M.E. Holds Spring Meeting in Milwaukee 


Visits to the Industries of the City, Enjoyable Entertainment, and a Technical Program of Excellent 
Papers Combine to Make Meeting a Memorable One 


HE engineers of Milwaukee were effective hosts to a large 

group of engineers and operating men during the week 

beginning May 18, 1925. In addition to the Spring Meetings 
of the American Society of Mechanical Engineers and the American 
Society of Refrigerating Engineers, there was a gathering of the 
Wisconsin members of the National Association of Stationary 
Engineers and the Midwest Power Show held in the Auditorium 
which attracted many interested spectators. 

The Spring Meeting of the A.S.M.E. was held from May 18 
through 21 with headquarters at the Hotel Pfister. The registra- 
tion was 1127, the largest in several years and all present thoroughly 
enjoyed the excellent program, which included visits to many of 
the industrial plants of Milwaukee, a series of enjoyable entertain- 
ment events, and a technical program of excellent papers that were 
well presented and thoroughly discussed. 

ENTERTAINMENT EVENTS 

The Hotel Pfister furnished an excellent setting for the entertain- 
ment events of the meeting. The spacious lobby permitted an ex- 
cellent arrangement of the registration headquarters and ample 
room for the informal gatherings which contribute so much to the 
success of a meeting. There was a large Reception Committee on 
hand to welcome the visitors. On Monday evening there was 
an informal reception at which the Mayor of Milwaukee greeted 
the guests. This was followed by dancing. An excellent program 
for the ladies included visits to industrial plants, a musical at the 
Art Institute, sightseeing trips, a visit to the public museum, and a 
card party and tea, all of which were enjoyed by the 150 or more 
ladies present. 


EXCURSIONS AND PLANT VIsITS 


The excursions and plant visits at the Milwaukee meeting were 
very well planned and conducted. On Monday afternoon the visits 
included a trip to the sewage-disposal plant, the Palmolive Com- 
pany, and the Phoenix Hosiery Company. On Tuesday afternoon 
about four hundred members boarded special cars for the Allis- 
Chalmers plant where luncheon was served. Careful routes had 
been marked throughout the extensive works and interesting ex- 
hibits thoroughly placarded had been moved to the inspection route 
so that in the time available the visitors had an excellent opportu- 
nity to become fully acquainted with the methods of manufacture 
and the products shown. On the same afternoon other groups vis- 
ited Eline’s chocolate factory, the plant of the Robert A. Johnston 
Company, and the Milwaukee Vocational School. On Wednesday 
afternoon excursions were made to the Riverside Pumping Station 
and the plants of the Vilter Manufacturing Company, the Falk 
Corporation, and the Kearney & Trecker Company. On Thursday 
afternoon 350 members were guests at luncheon at the plant of the 
Nordberg Manufacturing Company. After an inspection of the 
plant the party was taken to the Lakeside Power Station to see the 
method of burning pulverized fuel in successful operation there. 


CoMMITTEE IN CHARGE 


The arrangements at Milwaukee were planned and conducted by 
an able Committee under the leadership of the following Executive 
Committee: Fred H. Dorner, Chairman, Robert Cramer, Secretary, 
Arthur Simon, Treasurer, W. C. Lindemann, A. C. Flory, C. A. 
Cahill, J. D. Maurer, W. J. Sando and E. T. John. 


ADDRESSES AT THE BANQUET 


The feature event of the meeting was the banquet on Wednesday 
evening, May 20, which was addressed by Dwight F. Davis, Assist- 
ant Secretary of War, on the subject of Industrial Preparedness 
as Insurance against War. Fred H. Dorner, Chairman of the 
Milwaukee Committee, acted as toastmaster. Ex-Governor 
Emanuel L. Philipp of Wisconsin, was the first speaker. In his 
remarks of welcome, he paid tribute to the industrial leadership 
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which had made Milwaukee a great machine-building center. He 


made special mention of E. H. Reynolds and Bruno Nordberg. 


From the point of view of the layman, he also emphasized some 


of the fundamentals upon which successful engineering depends 
He told of the need for vision and courage to attack problems by 
other than the well-known tried-out rules to achieve better results 


than ever before obtained at lower costs. He also indicated some- 


thing of the tremendous problems which the engineering profession 


must solve in reducing the cost of heat and in making power more 


generally available. 

In his address, Secretary Davis emphasized the fact that tl. 
United States is not preparing for war but against war, in tl 
belief that preparedness to defend this country is the best assurance 
that it can have for continuing peace. He pointed out that the 
officers of the Government and of the War Department do not make 
war, that war can be declared only by Congress, and that it is th: 
task of the Army to fight wars only after they have been declared, 
and end them as quickly and successfully as possible. 

In describing the plans of the War Department, Secretary Davis 
outlined the preliminary work being done to call to the country’s 
defense in time of emergency every man, every industry, every 
resource, and every dollar, for in modern warfare the whole nation 
is fighting. He described the confusion in this country during the 
last war because of a lack of any war plan from the industrial-supply 
standpoint. As a result of these conditions the National Defense 
Act of 1920 was passed, which placed upon the Assistant Secretary 
of War the responsibility of planning for the mobilization of all of 
the industries of the country essential to wartime needs—practically 
all the business of the country. The first task is to estimate thie 
number of each item of equipment which will be required; the second 
to determine where these items can be obtained. To facilitate this 
the country has been divided into fourteen procurement districts, 
and the requirements are allocated to the districts in accordance 
with their productive capacity. Secretary Davis also emphasized 
the tremendous economy in lives, money, and time which industrial 
war plans will insure. He estimated that if the present plans 
even in their incomplete state had been in effect in the last war, 
there would have been a saving of a minimum of five billions of 
dollars. 

In response to Assistant Secretary Davis’ address, Dr. William 
F. Durand, as President of the A.S.M.E., pointed out that the 
National Defense Division of the Society, with the hearty support 
and approval of the membership, is working to develop means where- 
by the A.S.M.E. may fit itself effectively into the details of the prob- 
lems of industrial preparedness. He expressed the hope that the 
Society would find itself a real factor in the effective development 
and ultimate realization of an adequate plan for mobilizing the 
industrial resources of the nation as the best possible insurance 
against war. 

As a token of esteem the engineers of Milwaukee presented to Dr. 
Durand at this dinner a painting of an attractive beach scene by 
Spicuzza, a Milwaukee artist. 


Tue Business MEETING 


At the Business Meeting announcement was made of the selection 
of San Francisco as the meeting place of 1926 and the following 
codes were read by title: Proposed Standards for Steel Flanges 
and Flanged Fittings for Maximum Pressures of 250, 400, 600 and 
900 Lb.; Proposed Standards for Cast-Iron Screwed Fittings for 
Maximum Pressures of 125 and 250 Lb.; Proposed Standards for 
Malleable-Iron Screwed Fittings for Maximum Pressure of 150 Lb.; 
Proposed Code for Identification of Piping Systems; and Proposed 
Safety Code for Elevators, Dumbwaiters, and Escalators. 

There were several important committee meetings held during 
the meeting among them being the Main Committee on Power Test 
Codes, the Boiler Code Committee jointly with the National Board 
of Boilers and Pressure Vessel Inspectors, and the Finance Com- 
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mittee with the Chairmen of Administrative Committees. The 
Special Research Committee on Metal Springs held an extended 
conference with a thorough discussion of the fundamental prin- 
ciples to be followed in the research program. 


Pusiic HEARINGS 


Three public hearings were held during the meeting. The first 
was on Monday afternoon under the auspices of the Boiler Code 
Committee when the suggested rules for the care of power boilers 
were presented for public discussion. F. M. Gibson, Chairman of 
the Special Committee on the Care of Power Boilers, presided. A 
number of helpful comments were presented. On Wednesday after- 
noon the Test Code for Centrifugal and Rotary Pumps and the 
Test Code for Reciprocating Steam-Driven Displacement Pumps 
were presented at a public hearing with Fred R. Low, Chairman 
of the Main Committee on Power Test Codes, as presiding officer. 
Mr. Low also presided at the public hearing held jointly with 
the American Society of Refrigerating Engineers on Thursday after- 
noon, at which the Test Code for Refrigerating Systems was pre- 
sented, and at these two hearings a number of criticisms were pre- 
sented which will be reviewed by the Committees arranging the 
Codes. No fundamental or far-reaching changes were suggested. 


TECHNICAL SESSIONS 


The papers for the Milwaukee meeting were printed well in ad- 
vance, either in the special supplement to the May issue of MecHAN- 
1/AL ENGINEERING or in pamphlet form for distribution. The 
careful consideration given to the papers was reflected in the dis- 
cussion they elicited, and the interest taken in the technical sessions 
was developed by this thorough preparation of printed matter 
for the meeting. 


Machine Shop Practice Session 


(THE session on Machine Shop Practice, held on Tuesday morn- 

ing, May 19, under the auspices of the Machine Shop Practice 
Division, was presided over by R. E. Flanders, Member of the Meet- 
ings and Papers Committee of the Division. 

Three papers were presented, the first being one on Recent In- 
vestigations in Turning and Planing and a New Form of Cutting 
Tool, by Hans Klopstock, which appeared in the June issue of 
MECHANICAL ENGINEERING, p. 474, and is discussed below. The 
second paper by J. Fletcher Harper, dealt with Defects in Large 
Forgings; while the third, by Joseph Kaye Wood, embodied a 
Code of Design for Mechanical Springs. Mr. Harper’s paper was 
published in the May issue of MECHANICAL ENGINEERING, p. 400; 
the discussion thereon will appear in a later issue. Mr. Wood’s 
paper, which establishes formulas which he presented at an earlier 
meeting on a more logical and practical basis, will appear in a later 
issue together with the discussion. 


Discussion oF Dr. Kiopstock’s PAPER ON A NEW ForM oF 
Cutrina Too. 


A. L. DeLeeuw' submitted a written discussion in which he 
called attention to a paper? he had presented at the 1917 A.S.M.E. 
Spring Meeting in Cincinnati, in which he had described experiments 
made in 1912-1913 with a tool in all essentials the same as the one 
described by Dr. Klopstock. It was regrettable that the American 
machine-tool industry and the colleges had so completely overlooked 
the lead he had given them in his paper and later writings and 
had allowed the credit and the benefits to go to investigators in a 
foreign country. Dr. Klopstock, however, deserved full credit for 
his work, even though the original and essential experiments had 
been made before he began his investigation. 

_O. W. Boston® asked if the accuracy of + 0.5 per cent men- 
tioned in the paper held with reference to cast iron. Experiments 
conducted at the University of Michigan had given results widely 
divergent from that accuracy. The paper stated that the power 
requirements did not increase proportionately to the chip section 

< Consulting Engineer, New York, N. Y. Mem. A.S.M.E. 

A Foundation for Machine Tool Design and Construction, A. L. De 

Leeuw. Trans. A.S.M.E., vol. 39, p. 185. 

_* Professor of Shop Practice and Acting Director of Engineering Shops, 
University of Michigan, Ann Arbor, Mich. Mem. A.S.M.E. 
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but more slowly. In the experiments at the University of Michigan 
it had been found that the total force varied directly as the chip 
weight and that it did not increase in direct proportion to the depth 
of the cut, which led him to believe what had already been pointed 
out a good many times, namely, that a thick chip was cut more 
efficiently than a thin one. 

James A. Hall, referring to the section of the paper dealing with 
the formation of a chip, called attention to extremely interesting 
experiments recently reported to the Institution of Mechanical 
Engineers’ Cutting Tools Research Committee by Dr. W. Rosen- 
hain and A. C. Sturney.? These investigators observed three types 
of chip, the tear, the shear, and the flow type, the first, in which the 
metal is compressed and the crack starts at the point of the tool and 
runs in as the chip is being torn off, as he understood it, being the 
type described by Dr. Klopstock. 

R. E. Flanders,* who presided at the session, said that the possi- 
bility of using the extreme rake angles with the advantages that 
came from so doing were quite largely conditioned on the rigidity 
of the structure of the machine itself, and that the more rigid it 
could be made, the greater the chip production with a given amount 
of tool durability. This was an important point that tool designers 
sometimes overlooked. 

B. H. Blood‘ said that what impressed him most was the cor- 
roboration of the author’s experimental results by those obtained in 
actual practice in the German railroad shops. As to the tool, this 
type of cutting edge was of greatest value where a crack preceded 
the point of the tool—where the chip was formed by tearing off— 
and therefore the real edge of the tool was doing but very little work. 
That was the ideal condition for long life of the tool. 

Mr. DeLeeuw, referring to his experiments, said that while it 
might not be possible to use for roughing a tocol with a very large 
rake angle, it was nevertheless possible to set the tool in such a way 
that although its actual cross-section might not present a large 
rake angle, its virtual acting angle would have a large rake. That, 
for instance, was the case with an all-shear tool if set at the proper 
angle, and the results obtained as regarded the kind of chip formed 
were interesting. 

Dr. Klopstock said that it would be more convenient for him to 
present his closure in writing at a later date. 


Hydroelectric Session 


L, F. MOODY, Vice-Chairman of the Power Division, pre- 

* sided over this session, which was held on Tuesday morning, 
May 19, under the auspices of the Power Division. Three papers 
were presented: namely, Mechanical Problems of Hydraulic- 
Turbine Design, by William M. White; The Parallel Operation of 
Hydro and Steam Plants, by F. A. Allner; and Mechanical 
Features Affecting the Reliable and Economical Operation of 
Hydroelectric Plants, by E. A. Dow. Mr. White’s paper was 
published in the MecHantcaL ENGINEERING for June, p. 469; 
those by Messrs. Allner and Dow will appear in an early issue, as 
well as a précis of the discussion at the session. 


Forest Products Session 


(‘THE Forest Products Session was held on Tuesday morning, 

May 19, with William Braid White presiding as chairman. 
The first paper presented was one by P. H. Bilhuber on Material 
Handling in a Piano Factory, giving the details of the carefully 
worked-out internal-transportation system of the Steinway plant in 
New York City. It was discussed by the Chairman, Thomas D. 
Perry, E. J. Fishbaugh, and 8. Madsen. 

G. M. Hunt presented both H. F. Weiss’s paper on A New Era 
in Forestry and A. T. Upson’s paper on Standardization of Grad- 
ing Rules for Hardwood Lumber. Mr. Weiss’s paper described the 
methods by which two companies have been able to grow trees for 
profit and to utilize the lumber and by-products with a minimum of 
waste. It evoked a lively discussion by the Chairman, S. W. Allen, 





1 Associate Professor of Mechanical Engineering, Brown University, 
Providence, R.I. Mem. A.S.M.E. 

2 Reported in Engineering, Jan. 30 and Feb. 6, 1925. 

3’ Mer., Jones & Lamson Machine Co., Springfield, Vt. 


Mem. A.S.M.E. 
4 Hartford, Conn. Mem. A.S.M.E. : 
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T. D. Perry, 8. Madsen, J. H. Slater, L. K. Silleox, J. Garrett, P. R. 
Hicks, and G. M. Hunt. 

Mr. Upson’s paper reported the action taken by the Hardwood 
Consulting Committee and a discussion of plans for the future. 
A general discussion followed, Chairman White leading and P. H. 
Bilhuber, E. J. Fishbaugh, L. K. Silleox and T. D. Perry con- 
tributing. 

The session continued over to the afternoon, when the Govern- 
ment plan for lumber conservation as stated in the Clarke-McNary 
Act was taken up. The points of the Act were all brought out by 
S. W. Allen, who also spoke of the McNary-Woodruff Bill to come 
up before the next Congress, which authorizes the necessary finan- 
cial outlay for the carrying out of the provisions of the former Act. 

The session closed with a general discussion of methods of re- 
ducing waste in wood-using factories, the standardization of hard- 
woods, the question of applied laboratory work in the wood in- 
dustries, and the matter of proper education for the boy interested 
in the principles of high-grade woodworking. 


Pulverized-Coal Session 


HREE papers bearing on different phases of pulverized fuel 

were presented at a session under the auspices of the Fuels 
Division held on Tuesday morning, May 19, with John Anderson, 
of Milwaukee, in the chair. These were: Boiler Furnaces for Pul- 
verized Coal, by A. G. Christie; Radiation in the Pulverized-Fuel 
Furnace, by Walter J. Wohlenberg; and A Microscopic Study of 
Pulverized Coal, by L. V. Andrews. Abridgments of the papers 
by Professors Christie and Wohlenberg, together with a summary 
of the discussion thereon, will appear in a later issue of MECHANICAL 
ENGINEERING. Mr. Andrews’ paper appeared in Section Two of 
the May issue, page 429, and the discussion which it drew forth 
will be published in a forthcoming number. 


The Milwaukee Session 


HE Milwaukee Session of the Spring Meeting of the A.S.M.E. 

held under the auspices of the Milwaukee Committee, was 
devoted to subjects relating especially to that city. W. F. Durand, 
President of the Society, presided. John Arthur Wilson read a 
paper on the Activated Sludge Sewage-Disposal Plant at Milwaukee, 
in which he gave an account of its general operation and the funda- 
mental principles involved. Some of the engineering features of 
the plant were discussed by Robert Cramer in an illustrated address 
on a Critical Study of Heat and Power Requirements of Sewage- 
Disposal Plants. 

F. W. Mohlman! presented a discussion of Dr. Wilson’s paper 
covering some of the work done in the pretreatment and filtra- 
tion of activated sludge in Chicago. 

Questions relating to some of the engineering details were asked 
Mr. Cramer by E. R. McCuiston,? who wondered if the dried sludge 
could be used as a fuel; by A. E. Walden* who wanted to know the 
pounds of coal necessary to dry a ton of sludge; and by R. H. 
Kent* who asked about other methods of aerating the sewage. 

In reply to the first question, Mr. Cramer said that because of 
the low heating value of the dried sludge no attempt had been made 
to use it as fuel, although burning it to get rid of it had been con- 
sidered. It was not possible to say definitely how much coal was 
used in the drying process. In Chicago, about one pound of coal 
was used for every four pounds evaporated, and estimates for the 
Milwaukee plant were based on this figure. In regard to aeration, 
he said that many methods had been tried elsewhere, some of which 
he described. 

President Durand then called upon Mr. Wilson, who made a 
reply to Dr. Mohlman’s discussion and described in greater detail 
an aerating device used in Sheffield, England. 

Following the papers dealing with the sewage-disposal plant, 
Charles A. Cahill read his paper on Duty Test of Vertical Triple- 
Expansion Pumping Engines. The pumping engines were two 
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Allis-Chalmers units at Milwaukee, and the trials showed a high 
performance. 

George H. Barrus' compared the performances with those of 
some other engines, reducing everything to a common basis, and 
showed that the increase in economy was due to the use of higher 
pressures and temperatures and not to refinements of details. 

Robert W. Angus? compared the trial with those on an almost 
identical engine at Toronto, installed in 1906, and as they gave the 
same efficiency when compared on the same basis, he argued that 
this type of machine had reached its ultimate efficiency some years 
ago. He also pointed out what he considered to be the superiority 
of the turbine-driven centrifugal pump for this purpose. Loran 
D. Gayton? also presented an argument for the centrifugal pump. 

In answer to a question by Frank O. Wallene,‘ the author said that 
the steam-consumption figures included jacket steam. In answer 
to the proponents of the centrifugal pump he explained that the 
pumping engines had been decided upon after a careful study ot 
the relative merits of the two types and he did not believe a mis- 
take had been made. 

Following an address by Fred H. Dorner on the Economica! 
Advantages of Cities Having Diversified Industries, the session 
was adjourned. 

It is planned to publish abstracts of the papers and a more ex- 
tended account of the discussion in a later issue of MECHANICAL 
ENGINEERING. 


Materials Session 


HIS session was held on Wednesday morning, James H. Herron, 

Manager of the Society, presiding. Three papers were presented 
The first two appeared in Section Two of the May issue otf 
MECHANICAL ENGINEERING and their discussion will be given in 
abstract in a later issue. These papers were respectively: The X-Ray 
Examination of Steel Castings, by J. E. Moultrop and E. W. Norris, 
and Aluminum and Its Light Alloys, by Robert L. Streeter and P. 
V. Faragher. 

The third paper on Stress Concentration Produced by Holes and 
Fillets, by 8. Timoshenko and W. Dietz, will appear in a later issue 
of MECHANICAL ENGINEERING. The authors attacked a number of 
practical problems relating to holes and fillets by analytical and 
experimental methods. Written discussions were presented by the 
following persons: George F. Swain,’ T. McLean Jasper,® H. I 
Moore,’ and Henry 8. Prichard.’ 

In the judgment of Mr. Swain, engineering today is being and has 
been demoralized by the abuse of mathematics and of testing, 
and he was not prepared to accept the authors’ results as definite. 
Results obtained by Professors Moore and McLean, on the other 
hand, were in good agreement with those found by the authors at 
the Research Laboratory of the Westinghouse Elec. & Mfg. Co. 
It appeared that certain experimental results bearing on the matter 
of stress concentration and its effects showed that for any fixed set 
of conditions the intensification of stress, using endurance limits 
as an indicator, would vary with the composition of the material 
and with the heat treatment. According to Professor Moore, 4 
fact of especial interest to the designer was that the use of the 
formulas of the theory of elasticity for stress intensification, the 
use of Dr. Timoshenko’s formula for holes, and the use of photo- 
elastic tests on transparent specimens all gave results which were 
on the safe side as judged by test results. Mr. Prichard, agreeing 
with the authors, emphasized the usefulness of endurance tests 
as the most reliable criteria, but said that where there was a de- 
ficiency in these, the methods and tables given in the paper should 
prove very useful. 
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Materials-Handling Session 


Hii Materials Handling Division held its session on Wednesday 
morning, May 20, with Harold V. Coes presiding. Four 
closely related papers were presented, dealing with the economies 
of labor-saving equipment and with the formulas and computations 
employed. These papers appeared in Section Two of the May, 
issue of MECHANICAL ENGINEERING, pages 403 to 415. 

The first paper, that of James A. Shepard and George E. Hage- 
mann, on Formulas for Computing the Economies of Labor-Saving 
iquipment, was read by Mr. Shepard and elicited several written 
discussions. J. A. Brown! was of the opinion that the question 
should be handled by other divisions of the Society as well as by 
the Materials Handling Division, and that the formulas arrived at 
thus far were unnecessarily complex. James L. Haynes* agreed 
that materials-handling equipment was a most important field in 
which to begin applying rational tests of economic value, but felt 
that a still broader interest would be attracted to the Society if the 
application of such formulas were made in other industrial phases 
of engineering. 

F. O. Hoagland,’ Chairman of the Standing Committee on Pro- 
fessional Divisions, cited applications of such formulas to machine 
tools and to equipment for transportation. Applied to component 
parts of the products of the Saco-Lowell shops, such formulas had 
proved that it was more economical to discontinue the pouring and 
machining of gray-iron castings and to substitute parts made of 
pressed steel. Mr. Hoagland commented favorably on the state- 
ment regarding special productive-labor pay roll. F. T. Smith‘ 
predicted that the working up by the engineer of such careful ana- 
lytical methods of handling the economics of production would 
advance him to a more influential position in the industrial world. 
R. C. Newhouse® offered the criticism that the unamortized value 
of the equipment displaced was not truly a factor in determining the 
worth of the new equipment, whatever the viewpoint of the ac- 
counting department might be. 

S. H. Libby® deplored the tendency to disparage new equipment 
and new methods, and also thought it a pity that so much attention 
was given to ratio of overhead to direct labor. A. E. Holeomb’ 
pointed out that in making comparisons of two types of equipment 
certain types of overhead could not be deducted when a piece of 
equipment disappeared. C. Roberts* questioned the arbitrary value 
of 10 per cent assigned for depreciation and obsolescence, and inquired 
as to the relation between obsolescence and depreciation. R. J. 
Wadd? pointed out that the use of these formulas would help the 
young engineer, particularly when starting out on sales work. 

James A. Shepard, who took the chair following the presentation 
of the papers and written discussions, submitted a written reply 
and answered queries during the course of the oral discussion. 
Answering Mr. Brown, he pointed out that the subject was a 
broad one indeed, but that the work done so far was of indisputable 
value. He was pleased to see that Mr. Haynes thought the formulas 
could be applied to a wider field then suggested in the authors’ 
paper. He thought Mr. Hoagland’s discussion of particular in- 
terest because of the reference to the special productive labor pay 
roll, and by inference to the labor burden. Without these two 

Mr. Shepard amplified Mr. Smith’s discussion by saying that 
the methods suggested would prove practicable for use by engineers 
in testing their various conceptions and would increase the strength 
of their recommendations. In regard to the point raised by Mr. 
Newhouse as to the desirability of employing a valuation for the 
unamortized value of the old equipment, even when the equipment 
which was to be replaced was still carried upon the books at con- 
siderable value. Mr. Shepard thought that this question was a 
very debatable one. It would probably be preferable to neglect 
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any unamortized value in the old equipment, even if this might give 
an incorrect result. The use of K in the formulas for unamortized 
values of the displaced equipment would, however, tend toward 
conservatism in evaluation of results. 

P. E. Stotenbur! presented a written statement with regard to 
the second paper read, An Application of the Formulas for Com- 
puting Economies of Labor-Saving Equipment, by George Lang- 
ford, Jr. He criticized the fact that in the paper the labor burden 
was not calculated but assumed. He was quite positive that a 
labor burden did exist with all labor and that while one usually 
hesitated to apply a burden rate to material-handling labor due 
to the fact that it was not apparent, could not be seen, and was not 
used by accountants, nevertheless such a burden should be applied 
to material-handling labor. Merritt Lum? pointed out that if a 
maintenance charge was set up for the new equipment, it should 
also be set up for the oldequipment. He also wondered whether it 
was correct to figure the investment charges on a six per cent basis. 

In reply to these discussions, the author, Mr. Langford, said that 
he had arrived at a labor burden of 75 per cent by analogy, using 
figures in the night wire plant of his company where overhead 
charges of 85 per cent had been arrived at by the accountants. 
There was a difference of opinion among accountants as to whether 
there should be a six per cent or a three per cent charge on capital 
investment. He had taken the larger figure to be on the safe side. 
With regard to the maintenance charge on replaced equipment, in 
the particular case considered in his paper the hand lift trucks 
had not actually been replaced by the electric truck. It had merely 
been planned to purchase some, but electric lift trucks had been 
bought instead. 

Mr. Shepard also dealt with Mr. Stotenbur’s discussion and said 
that the general practice of making no allowance for labor burden 
perpetrated a large error; adding full factory burden as was oc- 
casionally done perpetrated a still greater error, and hence esti- 
mating the labor burden was the lesser of two evils. 

S. Fasting’ presented a written discussion of the paper by E. H. 
Lichtenberg dealing with Labor-Saving Equipment in Road Con- 
struction. He thought it a remarkable illustration of the extent to 
which a comparatively simple modification in mechanical equip- 
ment might affect the results obtained, that while the two types 
of pavers seemed to be very much the same, yet in practice the 
utilization of the return movement of the bucket to spread the ce- 
ment effected in the usual life of the machine a saving nearly equal 
to its entire cost. 

Mr. Fasting also discussed labor burden, and pointed out that 
whereas with new equipment there might be fewer laborers, yet it 
might not be correct to make a smaller allowance for labor super- 
vision. The number of laborers employed might be smaller, 
yet the allowance for supervision per laborer might have to be 
greater. In reply to this last point Mr. Shepard combated the 
assumption generally made that with the reduced working force 
the supervisory organization would remain intact. This would 
only be the case if inefficient methods were employed. Maximum 
efficiency could only result where changes in equipment were fol- 
lowed by suitable changes in the supervisory force. 


National Defense Session 


HE National Defense Division of the A.S.M.E. and the 
Chicago Procurement Planning Association codperated in 
the conduct of the National Defense Session held on Wednesday 
morning. The purpose of the Session was to bring together the 
industrialists and engineers of Wisconsin with the representatives 
of the procurement branches of the War Department for an ex- 
change of experience gained in the process of perfecting industrial- 
preparedness plans. Colonel Frank A. Scott, chairman of the 
A.S.M.E. National Defense Division, presided. 
Capt. A. M. Shearer‘ opened the meeting with a brief paper on 
(Continued on page 601) 
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Cost of Non-Standardized Products 


R. EARLE BUCKINGHAM’S paper on Engineering Stand- 
ards which appears in this issue of MECHANICAL ENGINEER- 
ING elicited a goodly quantity of discussion dealing with the general 
procedure of standardizing tolerances and gaging systems. One of 
the important factors which was emphasized was the desirability 
of reducing the diversity of hole diameters when ordering from 
manufacturers. This diversity gives rise to a large amount of un- 
necessary manufacturing expense. One designer reported fourteen 
different methods used by as many different purchasers in specifying 
similar items from the same manufacturer, with resultant high 
manufacturing cost. 

One of the outstanding advantages of standardized products is 
the possibility of reducing manufacturing expenses by the general 
adoption of standard tolerance systems with resultant increase in 
the quantities in which articles may be manufactured and a corre- 
sponding reduction in cost. The advantage of standardization 
centers about quantity manufacture, and the wide adoption of 
standardized products opens the way to larger manufacturing 
quantities. 

There seems to be a lack of published data on the relative costs 
of products manufactured in large quantities and similar products 
manufactured in small lots on special order. The advisability of 
determining the high costs due to the need for manufacturing to a 
wide range of specifications was emphasized in the discussion on Mr. 
Buckingham’s paper. Such data would contribute the information 
needed as the basis for economics of standardization. Investi- 
gations to secure these data involve difficult technical questions and 
require masses of cost figures from modern cost systems in well- 
equipped shops producing both quantity articles and substantially 
similar material in small lots. To be comparable on a satisfactory 
basis the figures on both products should come from the same or- 
ganization where uniform supervision and engineering are applied to 
both products. 

In his paper on the Standardization of Small Tools,' Carl J. Ox- 
ford presented an estimate showing that a twist drill differing 
slightly from one of the customary size costs nearly 500 per cent 
more than the standard twist drill. 

The collection and dissemination of such data would be of great 
assistance to the standardization movement in that it would en- 
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courage the codperation of industries in standardization and dis- 
courage producers from ordering non-standard articles. 
Information, however, should be carefully sifted and weighed, 
and this the A.S.M.E. Standardization Committee is prepared to 
do. This Committee is preparing to enter into a project to secure 
the coéperation of manufacturers in this important investigation. 


Tetraethyl of Lead 


THE tetraethyl-of-lead situation appears to be developing in a 

satisfactory manner. A conference was held in Washington 
on May 20 under the leadership of Surgeon General Cumming of 
the U.S. Health Service and a committee was appointed to work out 
a program of tests that would give reliable information as to whethe: 
or not gasoline treated with tetraethyl of lead constitutes a danger 
to those who handle it, such as garage workers and the general! 
public. 

From statements in the papers it would also appear that an ex- 
tensive investigation to supplement preliminary tests has been 
undertaken by the Bureau of Mines, and that the Chemical War- 
fare Service is also working along the same lines. 

In the meantime the New York World has published results of 
tests made at the College of Physicians and Surgeons of Columbia 
University in New York City. These, if correctly reproduced, 
would appear to be decidedly unfavorable to the new fuel. 

The subject is of very great and real interest. From all in- 
formation available it would appear that there can be scarcely any 
doubt as to the effectiveness of tetraethyl of lead additions in 
producing an increased output of power from automotive engines, 
even those not specially designed for the use of this modified fue! 
There is every reason to believe that if engines were designed to 
wake proper advantage of the ability of this fuel to operate at 
higher compressions, the fuel consumption per mile would be cut 
down very materially. The fuel consumption of gasoline-driven 
vehicles is becoming so enormous as to endanger materially the 
adequacy of the visible supplies of oil in the ground. Under these 
conditions anything that will make a car run two miles on the 
amount of fuel that it consumes in a mile today is not only of 
national but, to all practical purposes, of worldwide importance 

The question of danger in the manufacture of tetraethy] of lead 
is one which may be safely considered as capable of solution. Quite 
frequently in the past, in the beginning of the manufacture of a new 
product, accidents have occurred. When at the beginning of the 
war the Monsanto Chemical Co. of St. Louis started to make aspirin 
for the first time in the United States, there were several cases of 
acute poisoning with fatal results. An investigation was made and 
methods of frequent washing of the hands of the workmen, changing 
of clothing, etc. were developed which ultimately entirely eliminated 
the manufacturing dangers. It does not appear that the same could 
not be done in the manufacture of tetraethyl of lead with proper 
machinery that would make the process of production automatic 
and with proper protection of the workman by the use of gloves, 
masks, intensive ventilation, and the like. 

The question of the health of garage employees and the general 
public is, however, a different matter. The original tetraethy! of 
lead composition was of such a character that a sticky deposit was 
formed on the automobile mufflers. Bromine was then added to 
convert the exhaust products into a floccular material, and un- 
fortunately gave soluble salts as a result. It is now claimed that 
these salts are particularly easy of absorption into the human body, 
and are thus likely to increase the danger to the public health. 

In this connection attention may be called to a somewhat queer 
argument in favor of tetraethyl of lead. Some of its defenders 
state that automobile engines discharge into the atmosphere large 
amounts of carbon monoxide, which is distinctly poisonous, and 
yet no one especially objects to it; then why object to tetraethy! of 
lead? What is lost sight of is that while carbon monoxide is 
poisonous under certain conditions, it is apparently not materially 
toxic when discharged on the streets, partly because it is lighter 
than air and tends to rise above the street level, and also because 
this tendency is assisted by the fact that the automobile exhaust 
is much warmer than the surrounding air. Furthermore, winds 
tend to mix the carbon monoxide with the air until its concentration 
becomes harmless. Finally, in carbon monoxide poisoning there 
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is no cumulative effect, and such changes in hemoglobin as this 
gas produces (provided they do not reach the stage of fairly acute 
poisoning) are permanently eliminated by a few minutes of breath- 
ing of pure air. 

The situation is entirely different with respect to lead salts. 
They are obviously heavy enough to accumulate on the ground in 
the form of a fine dust which winds and traffic will scatter through 
the air and which will be inhaled. In rainy weather this situation 
is not dangerous as the salts are soluble and would be washed away. 
In dry weather, however, they would be taken into the body and 
as all forms of lead poisoning are apparently cumulative, the poison 
would stay in the body until it produced its results which might be 
negligible in the cases of certain individuals and very terrible in 
the cases of others. 

In a way the violent opposition of the press and many of the state 
governments with respect to the danger of tetraethyl of lead to 
public health, together with the effect it has had on the very wealthy 
and powerful companies interested in the manufacture of this sub- 
stance, shows how far America has advanced politically within the 
last twenty years. 

Early in the present century there were a number of processes 
and operations that were unnecessarily dangerous to the health 
and life of workmen and the general public. To cite but an in- 
stance, the rod mill of a score of years ago was a place where a week 
without one or two men being transfixed with the white-hot rods 
darting from the rolls was an unusual week indeed. Later, however, 
such mills were reorganized, which not only made them reasonably 
safe places to work in but increased many times the production per 
man employed. 

There are a large number of industries involving decided danger 
in operation. It is claimed that three lives are sacrificed for every 
million tons of coal brought up from the mines. These are, however, 
dangers of a kind different from those involved in the employment 
of a material that would be profitable to use but is not of vital 
importance. 

There is another element in the situation which should not be lost 
sight of. While tetraethyl of lead is the most efficient anti-knock 
compound known, it is by no means the only one. Denoting the 
anti-knock value of tetraethyl of lead by 625, that of another sub- 
stance, diethyl of tellurium, is 250. Tellurium is not available in 
unlimited quantities, but sources of it in the United States are 
known, and even should the use of tetraethyl of lead prove to be 
undesirable on account of danger to health, this other substance 
might perhaps be temporarily used. 


American Air Policy 


I URING a Congressional hearing into the operations of the 

United States Air Services, Howard Coffin stated his views 
as to the future air policies of the United States. Excerpts from 
this statement follow: 


Air power is a composite thing. The several elements which enter into 
its development shape themselves in my mind about as follows: 

1 An aroused and active public interest in the whole subject of aero- 
nautics, based not alone upon patriotism and the common national defense 
but upon a tangible selfish advantage to the individual citizen as well. 

2 Permanent aviation committees in both the House and the Senate 
composed of able men who will devote their energies to a thorough study 
and understanding of this vitally important subject. 

3 Such Federal legislation for the control of aircraft and of air naviga- 
tion as will minimize uncertainty and risk and encourage capital invest- 
ment in commercial aviation. 

4 A healthy and commercially profitable civil aeronautical industry 
inclusive of both production and transportation projects, devoted particu- 
larly during peace time to the promotion of the public convenience and 
welfare and forming a great reservoir or reserve of skilled personnel and 
equipment against any war emergency. 

5 A definite, comprehensive, and continuing Federal policy for the 
furtherance of aeronautical progress in all its various phases, based on a 
ten-year appropriation and development program. 

_6 A centralized administrative agency of Federal Government exclu- 
sively and definitely charged with full responsibility in execution of all 
phases of the national air program other than those limited projects having 
to do with the activities of governmental departments employing aircraft 
as an auxiliary to major operations within their provinces. 

The maintenance of Army and Navy Air Services on such basis of 
constant effectiveness as will permit of adequate expansion in event of war. 

_We should, under governmental auspices, effect such extension of the 
“ir-mail project as will in future provide the United States with a reasonably 
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complete system of airways linking large centers of population and all 
points of strategic importance for purposes of the national defense. There 
may thus be provided at Government expense, and in accordance with a 
definitely coérdinated plan, all those aids to air navigation, including port 
facilities, lighting and signaling devices, charts, weather forecasts, systems 
of communication, ete., which have for many years been furnished for the 
encouragement and facilitation of water-borne traffic—all of which, while 
vitally necessary to any orderly development of commercial air transporta- 
tion, are clearly beyond the means of any private corporation or individual 
to install. This network of national airways once in operation becomes 
available under proper regulation to any individual citizen or civil corpora- 
tion, and the Government will find no difficulty in contracting with private 
agencies for the carriage of its mails or the performance of any other ser- 
vice required. Certainly in the early and considerable extension of the 
air-mail service we have our best hope of a constructive progress toward 
the upbuilding of our needed air industry—and with a maximum of bene- 
fit to every community of the nation and at a minimum drain upon the 
taxpayer. 

A progressive extension of the air-mail service will have the active sup- 
port of business men, bankers, chambers of commerce, farmers, and of the 
voting and thinking public generally. No other governmental agency can 
be effectively used as a popular channel if indirect subsidy for the promo- 
tion of. civil aviation in the national interest. Every one of the other 
forms of transportation has had its subsidy. Our Government has aided 
and safeguarded the navigation of the lakes and coastwise seas. Rail- 
ways have had their rights of way and quarter-section grants. For motor- 
vehicle traffic the Federal and state treasuries are expending hundreds of 
millions of dollars annually in the building of hard-surfaced highways. 
The analogy of the airway and its landing ports and its aids to air naviga- 
tion is beyond argument. 

In the consideration of the plans for the setting up of a permanent de- 
partment of the Government for the administration of aerial affairs, care 
should be taken to insure the continuing and active interest of the people. 
We must, as I have before said, appeal to the selfish interest of the private 
individual citizen as well as to his patriotism. In the face of the extraordi- 
nary opportunity open to young men in private industry it will become in- 
creasingly difficult to interest in governmental service the type most de- 
sirable in air work. The physical and mental qualifications for air service 
call for the very highest type of American youth, and if we hope to enlist 
the interest of such men a reasonably definite and attractive career through 
promotion in rank must be provided. The Government will never be 
able to compete with private industry in terms of financial reward. 


Trade-Association Activities Clarified 


TT E legality of certain trade-association activities has been 

recently sustained by the Supreme Court of the United States 
in two important proceedings, the outcome of which has been eagerly 
watched by the business world, as it involved the interpretation of 
the Sherman anti-trust law in connection with the gathering and 
distribution of vital business statistical information among the 
members of industrial organizations. 

The two cases tried, those of the Cement Manufacturers’ Pro- 
tective Association, and of the Maple Flooring Manufacturers’ 
Association, were held extremely important because they bore on an 
activity which might be considered as typical of the great majority 
of our trade associations. 

By amaiority decision the court held as legitimate the distribution 
by trade associations of statistics as to cost of production and of 
transportation, of volume of production and of stocks on hand, as 
well as of selling prices maintained. In substance the court held 
that it was the use to which this statistical information had been 
put, rather than its character, which had to be considered in de- 
ciding whether the Sherman anti-trust law had been violated or 
not, although the character of use was not without importance. 
Dissemination of accurate information might be considered essen- 
tial for the intelligent conduct of business, and it was declared that 
the Sherman law was certainly not intended to hamper it. 


Two Test CasgEs 


The Maple Flooring Manufacturers’ Association, representing 
about seventy per cent of the production, gathered and distributed 
statistics of production, stocks, unfilled orders, and average sales 
prices; it published a book giving railroad rates from Cadillac, 
Mich., to about a thousand points throughout the country, and its 
members held meetings where statistics and other matters were 
discussed. According to the majority opinion of the court, these 
things in themselves do not constitute restraint of trade. 

The Cement Manufacturers’ Protective Association, in addition 
to gathering and distributing information of a nature similar to the 
above, was involved in the question of distributing information re- 
garding specific job contracts. The court ruling was that there 
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was no violation of law, because it had not been established that 
contractors suffered but merely that the system protected manu- 
facturers against contractors who might take advantage of such 
contracts for cement if the market was favorable. 


THe Magsority OpINnIon 


The decision reached was by a divided court, six to three. The 
majority opinion was delivered by Justice Stone, who, at the request 
of the Department of Commerce, had given considerable study to 
the question of trade statistics. In referring to the minority ob- 
jections the majority opinion held that in precedents quoted by the 
dissenters clear intent to evade the law was established, while in 
the cases at issue circumstances were different. 

In the opinion dealing with the floor manufacturers’ case Justice 
Stone declared that 


....by their course of conduct, instead of evidencing the purpose of per- 
sistent violations of the law, they have steadily indicated a purpose to keep 
within the boundaries of legality as rapidly as those boundaries were 
marked out by the decisions of courts interpreting the Sherman act. 

It is not open to question that the dissemination of pertinent information 
concerning any trade or business tends to stabilize that trade or business 
and to produce uniformity of price and trade practice. Exchange of price 
quotations of market commodities tends to produce uniformity of prices in 
the markets of the world. Knowledge of the supplies of available merchan- 
dise tends to prevent overproduction and to avoid the economic disturbances 
produced by business crises resulting from overproduction. But the natural 
effect of the acquisition of wider and more scientific knowledge of business 
conditions on the minds of the individuals engaged in commerce and its 
consequent effect in stabilizing production and price can hardly be deemed 
a restraint of commerce, or, if so, it cannot, we think, be said to be an un- 
reasonable restraint, or in any respect unlawful. 

It is the consensus of opinion of-economists and of many of the most im- 
portant agencies of Government that the public interest is served by the 
gathering and dissemination, in the widest possible manner, of information 
with respect to the production and distribution, cost and prices of actual 
sales, of market commodities, because the making available of such infor- 
mation tends to stabilize trade and industry, to produce fairer price levels, 
and to avoid the waste which inevitably attends the unintelligent conduct 
of economic enterprise. 

Free competition means a free and open market among both buyers and 
sellers for the sale and distribution of commodities. Competition does not 
become less free merely because the conduct of commercial operations be- 
comes more intelligent through the free distribution of knowledge of all the 
essential factors entering into the commercial transaction. 


Business FORESIGHT 


General knowledge that there is an accumulation of surplus of any market 
commodity would undoubtedly tend to diminish production, but the dis- 
semination of that information cannot in itself be said to be restraint upon 
commerce in any legal sense. The manufacturer is free to produce, but pru- 
dence and business foresight based on that knowledge influence free choice 
in favor of more limited production. Restraint upon free competition 
begins when improper use is made of that information through any con- 
certed action which operates to restrain the freedom of action of those who 
buy and sell. 

It was not the purpose or the intent of the Sherman anti-trust law to in- 
hibit the intelligent conduct of business operations, nor do we conceive that 
its purpose was to suppress such influence as might affect the operations of 
interstate commerce through the application to them of the individual 
intelligence of those engaged in commerce, enlightened by accurate infor- 
mation as to the essential elements of the economics of a trade or business 
however gathered or disseminated. 

Persons who unite in gathering and disseminating information in trade 
journals and statistical reports on industry, who gather and publish statistics 
as to the amount of production of commodities in interstate commerce, and 
who report market prices are not engaged in unlawful conspiracies in re- 
straint of trade merely because the ultimate result of their efforts may be to 
stabilize prices or limit production through a better understanding of eco- 
nomic laws and a more general ability to conform to them, for the simple 
reason that the Sherman law neither repeals economic laws nor prohibits 
the gathering and dissemination of information. 

No ConspPrracy 

Sellers of any commodity who guide the daily conduct of their business 
on the basis of market reports would hardly be deemed to be conspirators 
engaged in restraint of interstate commerce. They would not be any the 
more so merely because shareholders in a corporation or joint owners of a 
trade journal, engaged in the business of compiling and publishing such 
reports. 

Viewed in this light, can it be said in the present case that the character 
of the information gathered by the defendants, or the use which is being made 
of it, leads to any necessary inference that the defendants either have made 
or will make any different or other use of it than would normally be made 
if like statistics were published in a trade journal or were published by the 
Department of Commerce, to which all the gathered statistics are made 
available? 

The cost of production, prompt information as to the cost of transpor- 
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tation, are legitimate subjects of inquiry and knowledge in any industry. 
So likewise is the production of the commodity in that industry, the ag- 
gregate surplus stock, and the prices at which the commodity has actually 
been sold in the usual course of business. 


Wuat Wou.tp Be ILLEGAL 


We realize that such information gathered and disseminated among the 
members of a trade or business may be the basis of agreement or concerted 
action to lessen production arbitrarily or to raise prices beyond the levels 
of production and price which would prevail if no such agreement or concer- 
ted action ensued and those engaged in commerce were left free to base 
individual initiative on full information of the essential elements of their 
business. 

Such concerted action constitutes a restraint of commerce and is illegal 
and may be enjoined, as may any other combination or activity necessarily 
resulting in such concerted action, as was the subject of consideration in 
American Column & Lumber Co. vs. United States and United States vs 
American Linseed Oil Co. But in the absence of proof of such agreement 
or concerted action having been actually reached or actually attempted, 
under the present plan of operation of defendants, we can find no basis in 
the gathering and dissemination of such information by them or in their 
activities under the present organization for the inference that such con- 
certed action will necessarily result within the rule laid down in those cases 


PERFECTLY LEGAL 


We decide only that trade associations or combinations of persons or 
corporations which openly and fairly gather and disseminate information as 
to the cost of their product, the volume of production, the actual price which 
the product has brought in past transactions, stocks of merchandise on 
hand, approximate cost of transportation from the principal point of ship- 
ment to the points of consumption, as did these defendants, and who, as they 
did, meet and discuss such information and statistics without, however, 
reaching or attempting to reach any agreement or any concerted action with 
respect to prices or production or restraining competition, do not thereby 
engage in unlawful restraint of commerce. 


Tue Cement Case 
In the cement case the Government charged that the defendants, 


through the activities of the association, controlled prices and pro- 
duction in the following manner: 


1 By the use of specific F. O. B. contracts for future delivery of cement, 
accompanied by a system of reports and trade espionage having as its ob- 
jective the restriction of deliveries of cement under those contracts. 

2 By compiling and distributing among the members freight rate books 
which give the rate of freight from arbitrary basing points of delivery within 
the territorial area served by the several defendants. 

3. By exchange of information concerning credits. 

4 By activities of the association at its meetings. 


In submitting the Court’s opinion in this case Justice Stone said 
the two essential elements in a conspiracy to restrain commerce 
were the gathering and reporting of information which would enable 
individual members of the association to avoid making cement 
deliveries on specific job contracts which, by the terms of the con- 
tracts, they were not bound to deliver, and the gathering of infor- 
mation as to production, price of cement sold on specific job con- 
tracts, and transportation costs. 

The opinion continued: 


That a combination existed for the purpose of gathering and distributing 
these two classes of information is not denied. hat a consequence of the 
gathering and dissemination of information with respect to the specific job 
contracts was to afford to manufacturers of cement opportunity and grounds 
for refusing deliveries of eement which the contractors were not entitled to 
call for, an opportunity of which manufacturers were prompt to avail them- 
selves, is not open to dispute. 

We do not see, however, in the activity of the defendants with respect to 
specific job contracts any basis for the contention that they constitute an 
unlawful restraint of commerce 


Far-REACHING INFLUENCE 


The two actions were considered by industrial interests through- 
out the country as test cases, in which the final decisions would 
govern to a large extent the future business methods and manu- 
facturing and selling operations of some of the greatest corporations. 

George T. Buckingham, counsel for the cement manufacturers, 
called the decision “a landmark in the construction of the anti- 
trust laws.”’ “This decision will affect hundreds of trade associa- 
tions throughout the land,” Mr. Buckingham said. “It is probably 
the most momentous opinion on the Sherman act since the famous 
Standard Oil case of 1912.” 

On the whole it may be said that the opinions of the court in both 
instances are generally looked upon as establishing an unusually 
clear-cut procedure for trade associations. 
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National Defense Session 
(Continued from page 597) 


Industrial Mobilization. He was followed by Hobart 8. Johnson,' 
who explained the plans which his organization has made with re- 
spect to the manufacture of field guns in case of emergency. He 
pointed out the relation between his organization and that of the 
Ordnance Department in setting up the preliminary arrangements 
for such a plan. Colonel E. A. Russell? pointed out some of the 
difficulties which required solution before a broad plan for indus- 
trial preparedness could be developed and also indicated the manner 
in which some of these problems had been solved. Other manu- 
facturers, engineers, and army officers discussed the various prob- 
lems informally. 


Industrial Power Session 


[ ) NDER the auspices of the Oil and Gas Power Division a 

‘ session at the Milwaukee meeting of the A.S.M.E. was de- 
voted to industrial power. Robert Cramer presided. Papers 
were presented by Arnold Lack and Charles B. Jahnke on Torsional 
Vibrations and Critical Speeds of Shafts, and by George H. Barrus 
on a Test of a Uniflow Engine.’ A brief account of the discussion 
on these papers follows. 


Discussion OF PAPER BY LACK AND JAHNKE 


H. Schreck! took exception to the use of the formula by Dr. 
Geiger for equivalent length of shaft and presented another by 
Holzer which he had used with success. He said that it would be 
interesting to know if the observed and calculated critical speeds of 
the two- and four-cylinder engines agreed. He preferred to com- 
pute the location of the node analytically rather than graphically, 
and did so for the engine of Fig. 13. 

J. Ormondroyd® wrote that the theory advanced by the authors 
in the early part of the paper was in no wise adequate for the 
problemin hand. He criticized several parts of the paper, including 
the use of Dr. Geiger’s formulas for equivalent length. He said 
that the authors should be praised for bringing the analysis of vi- 
bration before American engineers. 

In his closure to the discussion, Mr. Jahnke said that while the 
analytical method advocated by Mr. Schreck was the fundamentally 
correct one, Mr. Lack and he had found the graphical method satis- 
factorily accurate for their purposes. He appreciated the criti- 
cisms of Mr. Ormondroyd and pointed out that the subject was to 
be given additional study and review. 


DISCUSSION OF THE BARRUS PAPER 


James B. Stanwood® wrote that the author’s tests had demon- 
strated that the non-condensing steam engine was fully established 
as a recognized element of direct-connected generating sets. He 
called attention to the flat performance curves and the marked im- 
provement due to the use of superheated steam. He asked what 
would have been the result on efficiency if the condensate in the 
jackets had been removed through a trap. 

William C. Brown,’ in answer to Mr. Stanwood’s question said 
that there was little condensation in the jackets, due to the fact that 
the surfaces were not subjected to exhaust steam. He was of the 
opinion that the steam engine had not been satisfactorily developed 
until other types of prime movers had shown the possibility of using 
the uniflow principle, as illustrated in the turbine; higher pressures 
and temperatures, as illustrated in the oil engine; multiple cylinders, 
as illustrated in the gasoline engine, and the kinetic energy of a jet of 
steam, as illustrated in the steam turbine. He hoped that this 


engine would be the forerunner of a line of reciprocating engines 
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‘ Charge of Design, Combustion Utilities Corp., 8 Bridge St., New York, 
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5 Motor Engineering Dept., Westinghouse Elec. & Mfg. Co., East Pitts- 
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developed to the highest possible state of efficiency to put them 
on a par with other prime movers. 

Fred R. Low! contrasted the performance of the uniflow engine 
reputed in the tests with the performances of large pumping en- 
gines and steam turbines. 

James Tribe* spoke of his experience with the design of Corliss 
engines and said that in reality the uniflow worked on the Corliss 
principle. With engines exhausting at high back pressure, he 
thought that compression pressures might become excessive in the 
uniflow engine. 

Charles A. Cahill® said that the excellence of the uniflow engine 
lay in the fact that it was the simplest engine built which could 
produce similar economy. Secondly, he said, came the important 
fact that the steam-consumption curve was so flat over such a wide 
range of load. Thirdly, was the ability to make use of pressures 
up to 300 lb. per sq. in. and high temperatures. 

Rudolph Wintzer* told of some of the large uniflow engines 
made by the Nordberg Manufacturing Co. 


Steam Power Session 


T THE Steam Power Session of the Milwaukee Meeting 0° 

the A.S.M.E., held under the auspices of the Power Division, 
with Alexander D. Bailey presiding, five papers were presented: 
Lake Waters for Condensers, by A. G. Christie; The Rational De- 
sign of Covering for Pipes Carrying Steam up to 800 Deg. Fahr., 
by W. A. Carter and E. T. Cope; A Review of Steam Turbine De- 
velopment, by Hans Dahlstrand; Analysis of Power Plant Perfor- 
mance Based on the Second Law of Thermodynamics, by William 
I.. DeBaufre;> and Comparison of Actual Performance and Theo- 
retical Possibilities at the Lakeside Station, by M. K. Drewry. 
A very brief account of the discussion of these papers follows. 
More complete accounts of most of the discussions will appear 
later. 


DIscUSSION OF THE CHRISTIE PAPER 


James Milne® wrote that if full advantage were to be taken of the 
colder water available at certain depths in lakes, intakes would have 
to be designed so as to have low entrance velocities, as a high en- 
trance velocity would cause the formation of a vortex which would 
extend upward and draw in water many feet above the intake. He 
gave some statistics regarding the intakes for the water works of 
the city of Toronto and the temperature averages for the past ten 
years. 

Robert W. Angus’ wrote that in making a study of the effect of 
depth and location on the temperature of the water in Lake On- 
tario near Toronto, he had found definite evidence of subsurface 
currents which made an exact prediction about the temperature 
quite impossible. To secure the deeper water, he pointed out, 
involved much difficulty and expense in the majority of cases 
because in the large lakes the bed generally had a gentle slope near 
the shore, which would make it necessary to locate such an intake 
as the author proposed at least 3000 ft. from shore. 

N. G. Reinicker® wrote that one of the power plants of the Penn- 
sylvania Power and Light Company, depended on an artificia) lake 
for condensing-water supply. The maximum depth was 25 ft. 
The condensing water, he wrote, was recirculated and put back 
into the lake from a separate discharge canal extending more than 
half a mile above the plant. It was found that at least 90 per cent 
of the cooling effect took place at a point where the water passed 
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from the canal in a thin sheet over riprap into the lake. Tempera- 
ture surveys of the lake taken 1 ft. below the surface showed a 
variation not greater than 2 deg. at any point from the discharge 
canal to the point where the water was taken into the plant. 

C. G. Spencer! wrote that now that the importance of determin- 
ing the thermocline had been demonstrated, he hoped engineers 
using lake water for condensers would take temperature readings at 
various depths and publish the data. He also gave some figures 
on the coal saving in a plant of 270,000 kw. by a reduction of 20 
deg. in the temperature of condensing water. 

In closing the discussion, the author said that he was glad 
that Professor Angus had spoken of the attention necessary to 
the details of design of intakes, a subject which engineers had 
neglected, and a study of which might result in a reduction of pump- 
ing head, lower temperature, and less air in the water. 


DIscussION OF PAPER BY CARTER AND CopE 


Ralph J. Hinch? told of some experiments on pipe coverings 
carried out by the Commonwealth Edison Co. to determine what 
influence the maximum temperature, 750 deg. fahr., would have 
on the conductivity if the coverings were subjected to it for long 
periods of time. 

Glen D. Bagley® called attention to the similarity of the method 
for the determination of the proper thickness of coverings to be used 
under various conditions of pipe temperature and steam cost and 
that developed at the Mellon Institute of Industrial Research in 
Pittsburgh and reported‘ to the Society in December, 1918. He 
also pointed out that the amount of heat which it was possible to 
save per square foot of small pipe was greater than for a large one, 
but that the cost of covering per square foot in the smaller sizes was 
so much greater that unless the value of the heat units was very 
high, the proper thickness of covering for maximum economy in 
the small pipe sizes would always be less than that of the larger. 

R. H. Heilman® described the methods used by the Mellon In- 
stitute for determining the economical thickness of single and com- 
pound pipe covering. He said that tests at the Institute had shown 
differences of only 5 to 15 deg. fahr. between the outside of the pipe 
and the inside of the covering, depending upon pipe size, thickness 
of covering, temperature, etc. and that therefore the author’s 
assumption that these temperatures were the same was justifiable. 

L. B. MecMillan® called attention to the statement in Par. 23 
that beyond a fairly definite thickness, any additional covering was 
of very little, if any, value. The Fig. 6 referred to as indicating 
this did flatten out as the thickness of insulation increased, but the 
decision as to whether or not that increase in saving was a paying 
one could not be determined by the shape of the curve. 

R. J. 8. Pigott? pointed out some reasons for using a lesser thick- 
ness of insulation, such as the reluctance to increase fixed charges 
and the greater ease and quickness of manufacture and repair. 
He also suggested that inasmuch as heat lost from the pipes was 
absorbed by the air used for combustion, it was not entirely wasted. 

E. T. Cope, in closing the discussion, made a plea for further 
research in determining the absolute thermal conductivity of in- 
sulating materials. In answer to Mr. McMillan he said that there 
had been no intention of using Fig. 6, which had to do with heat 
saving, as anything more than a step in the solution of the problem 
of most economical thickness. 

As regarded Mr. Pigott’s discussion, he pointed out that the great 
expense in pipe covering was that of labor, which was not increased 
by extra thickness as two layers would be used on superheated- 
steam lines in any case. As for the heating of the air, this was being 
accomplished by means of superheated steam and would not be 
efficient. 
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DISCUSSION OF THE DAHLSTRAND PAPER 


A. A. Christie’ wrote that the authors data on the efficiency of 
the high-back-pressure turbine at Akron, 75 to 85 per cent, would 
assist in dispelling the idea still held by some engineers that the 
high-pressure sections of a turbine were not efficient. The author’s 
proposal to install high-back-pressure turbines in existing plants 
was interesting and the curves merited close study. Professor 
Christie pointed out, however, that while this would pay so far as 
the turbines were concerned, the reconstruction of the boiler plant 
might easily prove uneconomical. It would seem more advisable 
to hold the old low-pressure station for stand-by, peak-load service 
and to design a complete new high-pressure section that could be 
used on base-load service. 

F. T. Johnson? wrote of some possibilities of increasing the 
economy of the power plant, mentioning modifications to improve 
the efficiency and durability of furnaces, increase in operating pres- 
sure and temperature, and maximum practicable use of the regen- 
erative cycle. 

E. W. Norris* spoke about the new plant at Weymouth, Mass., 
pointing out that the high-pressure section was designed with a 
view to great flexibility in its use with the lower-pressure section 
and in the development of the plant. 

Alfred Iddles‘ discussed the use of the high-back-pressure steam 
turbine for industrial purposes. 

E. H. Thompson® offered a comparison of Rankine efficiencies, 
based on initial temperatures of 700 and 1000 deg. fahr., for a series 
of pressures from 100 to 1200 lb. per sq. in. The table showed 
the percentage of increase in every case by the the use of the higher 
temperature, and showed also how the amount of work done in 
the region of wet steam was decreased. 

In his closure the author said that he appreciated that there were 
more methods of increasing the economy of existing plants than 
he had mentioned in his paper, which was confined to a considera- 
tion of the steam turbine. The more extended use of high-pressure 
turbines in connection with process steam had been retarded by the 
fact that high pressures and temperatures had not been available 
in the past. 


DISCUSSION OF THE DEBAUFRE PAPER 


Written discussion of the DeBaufre paper was presented by 
J. G. Blunt,* who said that the author’s method gave a much 
clearer idea of the relative importance of the losses at various stages 
in the conversion of heat into mechanical work; by R. Eksergian,’ 
who made an application of the principle to the firebox of the loco- 
motive; by T. E. Butterfield,* who presented an extension to the 
analysis of the test used by the author; and by J. D. Merrifield.’ 


The Apprenticeship Session 


NDER the auspices of the Committee on Education and 
Training for the Industries an Apprenticeship Session was 
held on Thursday morning. The principal paver, A National 
Apprenticeship Program, by Harold 8. Falk, appeared in MEcHAN- 
ICAL ENGINEERING for May, page 416. In addition to a general 
discussion of apprenticeship and the Milwaukee plan, F. W. Thomas 
presented a paper on The Place of Railroad Apprenticeships in a 
National Apprenticeship Plan, and R. L. Cooley discussed The 
Place of Vocational Schools in the District Apprenticeship Plan. 
Abstracts of these papers and discussion will appear in a later issue. 
Those contributing to the discussion were Dean R. L. Sackett, 
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who acted as chairman of the session; H. A. Frommelt of the ap- 
prentice department of the Falk Corporation; Luther D. Burlingame 
and Elmer H. Neff of Brown & Sharpe, Inc.; E. E. Sheldon, Super- 
visor of Training Department, Lakeside Press, Chicago, IIl.; 
John J. Metz, District Supervisor of Apprentices, Milwaukee 
Vocational School; Charles R. Gabriel of the E. W. Bliss Com- 
pany, Brooklyn, N. Y.; Erik Oberg, Editor of Machinery, New 
York; and C. J. Freund, Apprentice Supt., Falk Corporation. 


Management Session 


"[ HE Management Session was held Thursday morning under 

the auspices of the Management Division with A. B. Segur, 
member of the Executive Committee of the Division, as presiding 
officer, and a paper on Steel Foundry Management was presented 
by R. A. Bull. Among the matters taken up in the discussion were 
the relation of the inspection department to the foundry organiza- 
tion and the adaptation of time study to foundry work. An ab- 
stract of the discussion will appear in a later issue of MECHANICAL 
I. NGINEERING following an abstract of Mr. Bull’s paper. 

A report of the Committee on Unnecessary Fatigue in Industry 
of the Society of Industrial Engineers was also presented at this 
As a result of the discussion on this report those present 
agreed in the suggestion that the American Engineering Council 
be asked to urge the need for governmental research on the general 
subject of fatigue. 


session. 


Railroad Session 


H ARRY T. BENTLEY, member of Meetings and Papers Com- 
mittee of the Railroad Division, presided at thesession held under 
the auspices of that Division on Thursday morning, May 21. 

The first paper, on Factors Concerning the Economics of Shopping 
Steam Locomotives, by L. K. Sillcox, appeared in the May issue of 
MECHANICAL ENGINEERING, page 419. The subject was discussed 
from various angles. L. P. Michael! pointed out that one of the 
reasons why the time between shoppings was extended was due to 
the changes in locomotive design necessitating maintenance work 
of a nature that could be and was done in the enginehouse. William 
Joost? recommended centralized repair shops for heavy repairs and 
that small local shops should take care of current repairs. J. A. 
Anderson’ recommended thorough overhauling in heavy shops. 
W. E. Dunham‘ spoke about the importance of stabilized forces. 
C. G. Corothers® stated that the education of the men and of the 
mechanics had not progressed as rapidly as the improvement in 
the locomotives. In his closure, the author, Mr. Silleox, stressed 
the difficulty of getting the right kind of men to do the work. 

The second paper presented, on Some Freight-Car-Maintenance 
Problems, by C. G. Juneau, appeared in the June issue of MecHan- 
ICAL ENGINEERING, page 457. The author stated that he had en- 
deavored in his paper to bring out some new thoughts on car con- 
struction and maintenance of equipment in service. In the dis- 
cussion, referring to difficulties experienced with air brakes, J. 8. Y. 
Fralich® said that the car-maintenance problem was a difficult 
one, largely because of the conditions under which the men had to 
work, and that the question of the foundation brake gear required 
close study, both from the design and the maintenance end. The 
author, Mr. Juneau, surmised that the great length of the modern 
train had much to do with the difficulties encountered in the proper 
functioning of the air brakes. Mr. Dunham‘ suggested that car 
design, to minimize unproductive parking on repair tracks or else- 
where and to have cars constantly on the road, should conform to 
the general requirements of the country and follow the general ac- 
cepted practices of the various railroads. He spoke also of the 
organization of repair-track and repair-shop forces and of the best 
allocation of repairs to reap the benefits of specialization. The 
author heartily agreed with these considerations. 
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Elbert C. Fisher 


4;LBERT C. FISHER, vice-president and general manager of 
the Wickes Boiler Co., Saginaw, Mich., and well known as an 
engineer and designer of steam boilers, died suddenly on May 18, 
1925. Mr. Fisher was born on January 1, 1865, in Scranton, Pa. 
He prepared for college in the School of Lackawanna, Scranton, 
and then entered Cornell University, from which he was graduated 
as a mechanical engineer in the class of 1890. 

For one year he worked in the locomotive repair shop of the Del- 
aware, Lackawanna & 
Western Railroad in 
Scranton, and then 
went for a year to 
Westinghouse, Church, 
Kerr & Co., in Chicago. 
For four years he was 
manager of the Chicago 
office of the Murphy 
Iron Works, resigning 
to become associated 
with Wickes Bros. in 
Saginaw, Mich., taking 
charge of the boiler de- 
partment and holding 
that position until 1907 
when the present 
Wickes Boiler Co. was 
organized and he be- 
came its vice-president 
and general manager. 

Mr. Fisher was re- 
garded as one of the 
country’s leading ex- 
perts in the design and 
operation of steam 
boilers. He was longa 
member of the American Boiler Manufacturers’ Association and was 
honored by election to its vice-presidency. Two years ago he was 
urged by that organization to accept its presidency, but declined 
to do so. He became a member of The American Society of 
Mechanical Engineers in 1891 and attained prominence on the 
A.S.M.E. Boiler Code Committee, taking a most important part 
in the difficult work of formulating the first edition of the Boiler 
Code in 1914. Mr. Fisher served faithfully as member of several 
of the important sub-committees of the Boiler Code Committee, 
particularly those involving mathematical research, and he was 
active in this committee work up to the end. He was one of the 
managers of the Society from 1919 to 1922 and a member of the 
A.S.M.E. Council for the same period. He was also an executive 
of the Board of Boiler Rules for the State of Michigan. 

Through his studies in boiler design Mr. Fisher became inter- 
ested in the problem of water supply, and for several years gave 
close study to the subject. He was one of the leading advocates 
of the use of Saginaw Bay water for that city’s water supply, and 
spent an immense amount of time making studies of the bay and 
other water sources to support his opinion. 
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Book Notes 


By Terrell Croft. McGraw-Hill 
Cloth, 6 X 8 in., 314 pp., illus., diagrams, 


ELEcTRICAL-MACHINERY ERECTION. 
Book Co., New York, 1925. 
tables, $3. 

Deals with the mechanical features of installation, describing the 
methods used from the unloading of the apparatus from the car to 
its final placing and aligning in position for operation. The me- 
chanical maintenance of electrical machinery is also described. 


MECHANICS AND Heat. By William Ballantyne Anderson. Second edition, 
revised and enlarged. McGraw-Hill Book Co., New York, 1925. (Physics 
for technical students.) Cloth, 6 X 9in., 371 pp., illus., diagrams, $4. 

A textbook, based on experience as a lecturer and class instructor, 
in which the practical side of the subject is emphasized. The new 
edition has the same scope as the earlier one, but a few additional 
topics and many more problems have been added. 





MECHANICAL ENGINEERING 








THE ENGINEERING INDEX 


Registered United States, Great Britain and Canada 
LAST-MINUTE ADDITIONS; MAIN BODY ON PAGE 117-EI, ADVERTISING SECTION 





Exigencies of publication make it necessary to put the main body of The Engineering 
Index into type considerably in advance of the date of issue of “‘Mechanical Engineer- 


ing.’ To bring this seroice more nearly up to date is the purpose of this supplementary 
page of items covering the more important articles appearing in journals received up 


to the third day prior to going to press. 





AERODYNAMICS 


Model Experiments. Model Experiments in 
Aerodynamics, D. W. Taylor. Engineering, - vol. 
119, no. 3097, May 8, 1925, pp. 581-583, 6 figs. Review 
of Wilbur Wright Memorial lecture on aspects ef com- 
parison of model and full-scale tests, giving clear 
exposition of laws of dynamic similarity. 


AIRPLANE ENGINES 


Morehouse Light. The Moreheuse Light Plane 
Engine, H. E. Morehouse. Aviation, vol. 18, no. 22, 
June 1, 1925, pp. 602-603, 4 figs. Engine is 80-cu. in 
2-cylinder opposed 4-cycle air-cooled type and is rated 
at 28 hp. and 2500 normal r.p.m.; weight complete is 
85 Ib. 


AIRPLANES 

Douglas Cl Transport. The Douglas Transport. 
Aviation, vol. 18, no. 22, June 1, 1925, pp. 606-607, 
2 figs. Describes Douglas Cl transport plane being 
constructed for Army. 


Stability and Controllability. Stability and Con 
trollapility of Airplanes, B. V. Korvin-Kroukovsky- 
Aviation, vol. 18, nos. 17, 18, 19, 20 and 21, Apr. 27> 
May 4, 11, 18 and 25, 1925, pp. 462-463, 488-490, 
521-522, 545-546 and 574-575, 16 figs. a 27: 
Elements of lateral stability. May 4: Effect of 
various wing arrangements. May 11: Effect of com- 
bined roll and yaw. May 18: Actual airplanes and 
the tail spin. May 25: Stability in roll and yaw. 


AUTOMOBILE ENGINES 


Design. Progress in Automobile Design (Fort- 
schritte in Kraftwagenbau), A. Heller. Zeit. des 
Vereines deutscher Ingenieure, vol. 69, nos. 13, 16 
and 21, Mar. 28, Apr. 18 and May 23, 1925, pp. 399- 
405, 509-513 and 713-716, 45 figs. Mar. 28: Automo- 
tive engines; design of cylinder housing and steering 
gear; control of lubrication; light-metal pistons. 
Apr. 18: Chassis of modern automobiles; conical and 
plate couplings; change gears for automobiles and motor 
trucks; rigid and oscillating rear-axle drive. May 23: 
Compressed-air and Knorr brakes; front-wheel brakes. 

Lubrication. Problem of Satisfactory, All-Year- 
Round Engine Lubrication, A. L. Clayden. Auto- 
motive Industries, vol. 52, nos. 19 and 20, May 7 
and 14, 1925, pp. 810-812 and 865-867, 4 figs. May 7: 
How temperature variations and dilution interfere with 
proper iislention: enormous pressures are needed to 
flow oil of high viscosity. May 14: Employment of 
mechanical methods to insure lubrication of engine in 
starting, and use of clean oil, with steam-cooling and 
oil-pan heating to minimize dilution, are recommended 
as chief solutions. 


AUTOMOBILES 


Brakes. Brakes for Motor Vehicles, Geo. W. 
Watson. Automobile Engr., vol. 15, no. 202, May 
1925, pp. 149-155, 19 figs. Deals with kinetic energy 
and braking effect; wind resistance; coefficient of 
friction of tires; effect of low-pressure tires on braking; 
brake linings; servo-motors; hydraulic and air brakes; 
engine and engine-operated brakes; transmission vs. 
axle brakes; service and emergency brakes; front-wheel 
brakes, their effect on front axles and springs and on 
steering; internal and external brakes; etc. 

Steeldraulic Four-Wheel Mechanical Brake Has 
Self-Energizing Feature, W. L. Carver. Automotive 
Industries, vol. 52, no. 20, May 14, 1925, PP. &50- 
852, 3 figs. Cables working through flexible steel 
conduits control toggles which operate combination 
band and shoe; installation is simple. 


BOILER FURNACES 


Grate-Bar Protective Coatings. Aluminum asa 
Protective Coating for Gratebars, R. Hopfeld. Power, 
vol. 61, no. 22, June 2, 1925, P; $74, 2 figs. Results of 
ee showed that life of bars would be lengthened 
if formation of iron oxide and increase of sulphur con- 
tent could be prevented; this was attempted by giving 
to bars a coating of aluminum which hinders, through 
formation of aluminum oxide, oxidation of iron and ab- 
sorption of sulphur. 


CENTRAL STATIONS 


Los Angeles. Seal Beach Station of the Los 
Angeles Gas & Electric Corporation. Power, vol. 61, 
no. 22, June 2, 1925, pp. 856-861, 11 figs. Station built 
for $35 a kilowatt; first section to contain two 35,000- 
kw. generating units, 6 boilers and 1 stack; ultimate 
capacity, 200,000 kw.; among features are air preheat- 
ing, 4-stage bleeder heating, combination oil and gas 
burners, and elimination of low-tension switching equip- 
ment. 

Operation. Engineering Analysis Characterizes 
Hudson Avenue Operation, E. C. M. Stahl. Power, 
vol. 61, no. 21, May 26, 1925, pp. 827-830, 5 figs. 
Operating schedule of Brooklyn super-station permits 
loss of largest unit, at any time, without loss of load; 
boiler-room bonus system based on perfection with 
which steam and air flow are kept in constant ratio; 


special charts shown for computing fiue loss and boiler 
efficiency as part of daily routine (Abstract Paper 
presented before Metropolitan Section of A.S.M.E 


COST ACCOUNTING 

Material-Control Record. New Type of Material 
Control Record, R. E. Case. Mgmt. & Admin., vol 
8, no. 6, June 1925, pp. 543-548, 6 figs. Requires 
minimum of effort to operate, for it is concerned prin- 
cipally with exceptional and irregular occurrences. 


CUTTING TOOLS 


Worn, Rejuvenating. Rejuvenating Worn Cut- 
ting Tools. Am. Mach., vol. 62, no. 22, May 28, 
1925, pp. 849-850, 4 figs. How Detroit shop is saving 
money for manufacturers by reconditioning worn cut 
ters, drills, and reamers. 


DIE CASTING 


Non-Ferrous Metals. Die Casting Nonferrous 
Metal, M. Stern. Iron Trade Rev., vol. 76, no. 24 
June 11, 1925, pp. 1512-1515, 6 figs. Remedies for 
porosity are even chilling and clean metal; character 
istics and uses of tin, lead, zinc and aluminum base al- 
loy castings; limitations of die-casting process. (Ab 
stract.) Paper presented before Soc. Automotive 
Engrs. 


ELECTRIC LOCOMOTIVES 


Triple. Triple Electric Locomotive for the Vir 
ginian Railway. Engineer, vol. 139, no. 3622, May 
29, 1925, pp. 606-607, 3 figs. Locomotives are of 
split-phase type; power is taken from overhead wire 
through pantugraph to main transformer, where pres- 
sure is reduced from 1],000 to comparatively low motor 
voltage; three semi-pe1manently coupled motive-power 
units are operated as single unit, and only controller is 
front end of leading cab is used at one time; interesting 
feature is oil-insulated force-cooled transformer, wind- 
ings and core of which are immersed in tank of oil. 


FURNACES, HEATING 


Automatic Stock-Feeding. Automatic Stock 
feeding Furnace, A. L. Greene. Machy. (N. Y.), vol 
31, no. 10, June 1925, pp. 765-767, 5 figs. Furnace 
installed at plant of Buffalo Bolt Co., North Tona- 
wanda, N. Y., is equipped with mechanism that auto- 
matically feeds stock into heating compartment, and 
then into automatic heading machine. 


GRINDING 


Surface. Startling Results in Surface Grinding, F 
H. Colvin. Am. Mach., vol. 62, no. 24, June 11, 1925, 
pp. 911-914, 14 figs. 14 examples that show large 
variety of work and give data as to results obtained; 
wheels and feeds used are given in each case. 


GRINDING MACHINES 


Combined Lathe and. Combination Lathe and 
Grinder. Iron Age, vol. 115, no. 22, May 28, 1925, 
pp. 1559-1560, 3 figs. Large unit developed by Niles- 
Bement-Pond Co. for finishing generator rotors weigh- 
ing up to 300,000 Ib.; all operations controlled from 
push-button stations. See also description in Am. 
; agai vol. 62, no. 22, May 28, 1925, pp. 859-860, 2 

gs. 


HYDRAULIC TURBINES 


Reaction. World’s Record High-Head Reaction- 
Type Hydraulic Turbine, C. P. Dunn. Power, vol. 61, 
no. 22, June 2, 1925, pp. 868-872, 11 figs. Francis- 
type turbine of 35,000-hp. capacity operating under 
net effective head of 850 ft.; interesting construction 
features in pipe line, surge tank and penstock, at Oak 
Grove power station of Portland Electric Power Co. 


IRON CASTINGS 


Ferroalloy Additions. Calculating Ferroalloy Ad- 
ditions, H. L. Campbell. Foundry, vol. 53, no. 10, 
May 15, 1925, pp. 391-392, 1 Presents chart 
repared to aid in rapid determination of additions of 
e1roalloys required to raise percentage of element to 
desired amount. 


LOCOMOTIVES 


Diesel-Engined. Diesel Engines for Large Oil 
Locomotives (Dieselmotor und Kraftiibertragung fiir 
Grosséllokomotiven), J. Geiger. Zeit. des Vetreines 
deutscher Ingenieure, vol. 69, no. 19, May 9, 1925, pp. 
642-646, 8 figs. Deals with problem of best type of oil 
engine for large locomotive work and compares various 
types of transmission gear; points out high efficiency 
which actual running experience shows can be obtained 
from internal-combustion locomotive; requirements of 
oil engine to be used for locomotive; problem of direct 
transmission through gearing as worked out by Prof. 
Lomonossoff; gears with hydraulic transmission tested 

M. A. N. Company; employment of steam or air 
in actual cylinders of locomotive; system invented 
by author in which air taken from atmosphere is com- 
pressed to high pressure and temperature by Diesel- 
driven air compressor. 


Vou. 47, No. 7 


The Diesel Locomotive from the Standpoint of 
Locomotive Design (Die Diesellokomotive vom Stand- 
punkt des Lokomotivbaues), M. Mayer. Zeit. des 
Vereines deutscher Ingenieure, vol. 69, no. 19, May 9, 
1925, pp. 635-641, 23 figs. Experimental research for 
development of Diesel locomotives; describes design 
for Diesel locomotive with compressed-air transmission 
under construction at Esslingen Machine Works; ac 
count of development work on Diesel locomotives 
carried out at Esslingen, illustrating various designs and 
arrangements of oil engines for locomotives from 150 up 
to 2300 b.hp.; suggestions for making main bedplate 
of Diesel engine integral with locomotive frame; 
designs for direct transmission with mechanical gearing 


MACHINE TOOLS 


Duplex Topping, Bossing and Boring. Duplex 
Topping, Bossing and Boring Machine. Engineering 
vol. 119, no. 3100, May 29, 1925, pp. 665-66, 26 figs 
on p. 672 and supp. plate. Machine designed by H. V 
Kitson for rapid machining of railway-wheel centers. 


METALS 


Creep at High Temperatures. Creep of Metals at 
High Temperatures, R. W. Bailey. Engineering, vol. 
119, no. 3095, Apr. 24, 1925, p. 518, 1 fig. Writer em- 
phasizes extreme practical importance of thorough 
exploration of behavior of commercial steels over tem- 
perature range 350-500 deg. cent. commencing, if 
possible, with material of steel castings; there is good 
reason for thinking that fall of creep limit stress is at 
least as sudden as found by Lea. (See Engineering, 
Mar. 6, 13 and 20, 1925.) 

Fatigue. Fatigue cf Metals in Airplane Parts, R 
R. Voorhees. Iron Age, vol. 115, no. 21, May 21, 1925, 
p. 1498. Future of light metal alloys and steel; stress 
and fatigue in welded parts 


NOZZLES 


Steam, Design of. Fourth Report of the Steam- 
Nozzles Research Committee. Engineering, vol. 119, 
nos. 3098 and 3099, May 15 and 22, 1925, pp. 617- 
619 and 651-654, 21 figs. Also Engineer, vol. 139, no 
3620, May 15, 1925, pp. 536-538, 8 figs. Report pre- 
sented before Instn. Mech. Engrs. (Abridged.) 
See also (discussion) in Engineer, vol. 139, no. 3621, 
May 22, 1925, pp. 365-366, 3 figs. 


OIL ENGINES 

Heavy-Oil. Heavy-Oil Engines, H. R. Sankey. 
Enginecring, vol. 119, no. 3097, May 8, 1925, pp. 570- 
571. Outstanding questions relating to large engines of 
self-ignition type. 
PIPE, CAST-IRON 

Centrifugally Cast. Large Diameter Centrifugal 
Pipe, J. E. Hurst. Iron Age, vol. 115, no. 24, June 11, 
1925, pp. 1704-1706, 5 += New British process for 
36-in. castings; annealing found unnecessary; principles 
of Hurst-Ball and other systems. 


POWER 


Cost Allocation. Avoiding Losses in Incorrect 
Power Cost Distribution, W. N. Polakov. Mgmt. & 
Admin., vol. 9, nos. 5 and 6, May and June 1925, pp. 
433-436 and 553-556, 12 figs. May: Equipment 
for power measurement, preliminary studies; pricing 
of power. June: Allocating power costs to product 
brings about economies in steam generation and use. 


RAILWAY REPAIR SHOPS 

Y. & M. V., Vicksburg, Miss. Y.& M. V. Shops 
at Vicksburg, H. Campbell. Am. Mach., vol. 62, 
no. 22, May 28, 1925, pp. 833-838, 19 figs. Time- and 
labor-saving tools in use at shops of Yazoo & Mississippi 
Valley R.R.; arrangement of tool supply; dies and form- 
ing tools for blacksmith shop; air tools; brass-foundry 
equipment. 


SCREWS 


Lead-Screw Cutting. Cutting a Lead-screw of 
Unusual Accuracy, Wm. Gaertner. Machy. (N. Y.), 
vol. 31, no. 10, June 1925, pp. 808-810, 5 figs. Methods 
used in producing precision screw about 4 ft. long with 
lead accurate within 0.00004 in. in entire length. 


STEAM 


Regeneration. Steam Regeneration: Its Possi- 
bilities, C. O. Towler. Engineer, vol. 139, no. 3622, 
May 29, 1925, pp. 592-595, 3 figs. In experiments 
carried out by writer, portion of boiler was maintained 
at pressure lower than that at which steam was gen- 
erated; these results were obtained by using short 
tubes closed at one end in place of usual boiler tubes 
open at each end; writer is convinced that steam re- 
generation on principle outlined is quite a practical 
~ ce, and would result in considerable saving of 
uel. 


STEEL 


Low-Carbon, High-Tensile-Strength. High 
Tensile Strengths in Low Carbon Steels. Metallurgist 
(Supp. to Engineer, vol. 139, no. 3622), May 29, 1925, 

p. 72-73, 1 Review of paper by R. H. Smith in 

roc. of Am. Soc. Testing Matls. (1924, p. 618) givin 
results of experiments conducted on two samples o 
low-carbon steel; experiments indicate that if quench- 
ing operation is rapidly carried out so that whole speci- 
men is cooled in short space of time, tensile strength is 
considerably raised, and if temperature of quenching 
is accurately controlled, remarkably consistent results 
are obtained. 


SUPERHEATED STEAM 


Underground High-Pressure Lines. Super- 
heated Steam in High Pressure Underground Lines, L. 
A. Foster. Power Plant Eng., vol. 29, no. 11, June 1, 
1925, pp. 581-582. Gives example of actual perfor- 
mance of underground line of considerable length in 
order to obtain clear picture of application of superheat 
to transmission of steam underground. 
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